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Anjisa eaerimentation: Animal experiments were conducted according to IJ
the "Guilde for Laboratory Animal Facilities and Care" (1972) prepared by
the Comittee on the Guide for Laboratory Animal Resources, National
Academy of Sciences, National Research Council; the regulations and standards
prepared by the Department of Agriculture; and Public Law 91-579, "Labora-
tury Animal Welfare Act," 1970.
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SMAMMALIAN TOXICITY OF MUNITION COMPOUNDS
Phase II: Effects of Multiple Doses

Part IV: Nitrocellulose
(Report Number 5)

EXECUTIVE SUMMARY

The effects of NC after feeding for 13 weeks were investigated
ia dogs, rats and hice. A study of the absorption and distribution of
14-C-labeled NC was performed in rats.

In dogs, feeding of 1, 3 or 10% of NC or 10Z of cotton linters
for 13 weeks did not cause any adverse effects. Dogs fed 107 of NC or
linters ate somewhat more than the others, due to the non-nutritive bulk
effect of these materials. All dogs had some variations in body weight,
hematologic and clinical chemistry tests, and coimmonly seen spontaneous
tissue lesions. Feeding NC did not change serum concentrations of IgE.

Rats fed 1 or 3% of NC in the feed for 13 weeks consumed
slightly more feed without any adverse effects. Rats fed 10% of NC or
cotton linters consumed largo, amounts of feed, but scattered much of it
around their cages. They failed to gain as much weight as the controls,
due to not getting enough nutritive intake. These rats did not show any
charges in peripheral blood eleaments or clinical blood chemistry, any
lesions, any cytogenetic damage, or any effect on serum ISE.

Mice fed 1 or 3% of NC in the feed for 13 weeks consumed
slightly more feed without any adverse effects. High level (10z) of
NC or cotton linters did not cause any changes in peripheral blood ele-
ments or any lesions. However, a number of mice died during the study
due to impaction of fibers in their lower Intestinal tract. The sur-
vivors fed these doses lost bciy weight due to insufficient nutritional
intake.

Rats 3iven oral suspension of NC-UL- 1 4 C absorbed no radio-
activity. The 14C was recovered frk.m the feces and gastrointestinal
tract.

Program Director

Cheng-Chun Lee, Ph.D.
Deputy Director

Biological Sciences
For Pharmacology and Toxicology
MIDWEST RESEARCH INSTITLUE
425 Volker Boulevard
Kansas City, Oissouri 64110
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I.
INTRODUCTION

Under Contract No. DAMD-17-74-C-4073, entitled "Munition Corm-

pounds Mammalian Toxicity Studies," we conducted Phase I studies on the
I • effects of acute exposure of various munition compounds./ During Phase

II, we studied the effects of multiple exposure to selected compounds
including trinitroglycerin (TNG), 2,4-dinitrotoluene (2,4-DNT), 2,6-

diuitrotoluene (2,6-DNT) and nitrocellulose (NC). This report summarizes
the results of Phase II studies on NC. Subchronic toxicities were per-
formed in dose, rats and mice to determine the maximum tolerated doue

and to define the biological nature and target organ(s) of the toxic
effects. Reversibility of any adverse effects was determined. Muta-
genicity of the compound was assessed. Imaunologic response was studied

by the detection of the serum IgE antibodies. The absorption of the
radiolabeled compound was studied in rats.

l .i
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I. DOGS

A. Subchronic Toxicity and Reversibility

1. Introduction

These studies were performed to define the nature and extent
of the effects of NC on the biological system at the biochemical and
cellular levels and to elucidate the dose-response relationship in dogs
after administration for 13 weeks. The reversibility of any adverse
effects was 8stwied after the treatment of NC was discontinued for 4
weeks.

2. Material and Methods

a. Number of Dogs, Sex and Treatment

A total of 20 young healthy beagle dogs (Hazelton Research
Animals, Cumberland, VA) weighing between 7.2 and 13.6 kg were used for
the.,e experiments. The dogs were conditioned and observed carefully in
our animal quarters for 3 weeks after their arrival from the supplier.
After acclimation, the dogs were trained to eat the feed at the same
time each day. They were placed individually in metabolism cages with a
measured amount of feed for at least 30 minutes. At the end of the period,
the dogs were returned to their pen and the feed remaining estimated.
Water was available ad libitum in the cage and pen. They were then
divided into five groups, each consisting of two males and two females.
The average weights of all groups were kept close.

Three groups of dogs were given 1, 3, or 10% of NC in their
feed. NC was dippcd from the poacher pits at Radford Army Ammunition Plant
(Radford, VA) and shipped to MRI in 55 gallon drums. As needed, NC was re-
moved from the drums and dewatered in a Buchner funnel attached to a water
aspirator filter pump. The damp NC was mixed with appropi'ate amounts of
Champion Dog Food (kennel formula) and water to produce 10% NC in feed am
dry weight in a Univex Modal 1222 food m'zer with wire whip beaters. Aliquots
of this diet were mixed with additional feed to yield 3% and 1%, respectively.
These diets were given to the dogs in the metabolism cages as described
above. The fourth group received a mixture of 10% of cotton linters (czl-

lulose linters, Military Specification MIL-C-20330, Hercules, Inc., Wilmington,
DE) prepared by mixing with feed and water as described above, and served
as a cotton control to determine if any effects observed were due to the
passage of a non-nutritive bulk through the gastrointestinal tract. The
fifth group received moistened feed and served as a normal control.

5
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b. Experimental Procedures

All dogs were observed daily for behavioral changes and toxic I
signs. Body weights of all dogs were recorded weekly. Blood samples were

collected for laboratory tests before treatment and at 4, 8, 13 and/or 17
weeks during experiment. The tests included hematology and clinical blood

chemistry tests. For fasting 1' •ood glucose, the dogs were bled before
their daily feeding. At termiJation, the dogs were euthanized with an
overdose of pentobarbital sodium, and examined for gross lesions. Weights
of heart, liver, spleen, kidneys, adrenals, pituitary, thyroid, and gonads
were recorded; organ weight to body weight or brain weight ratios were

calculated. Various tissues were removed, fixed, processed, sectioned
"and stained for microscopic examination of lesions. The procedures for

hematology, clinical blood chemistry tests and histopathology, and the
normal values are given in Appendix I.

Bromoaulfophthalein (BSP) retention test was performed at
terminatiou. A single dose of 5 mg/kg of the sterile test dye (Dade,
Miami, FL) was injected intravenously following fasting for 16 hours.
Serum level of the dye at 15 minutes was determined and the percent of
retention in the plasma was calculated. 2 /

The results of the various parameters were compared with
the respective baseline levels and/or witn those of the control groups
at the respective time interval according to Dunnett's Multiple Comparison
Procedure .3/

c. Experimental Design

At the end of 13 weeks of continuous "rzz-.ment, one male and
one female dog from each group were euthanized for necrops:-. The treatment
for the other male and female dog from each group was discontinued at the
end of 13 weeks and they were euthanized at the end of 17 weeks to study
the reversibility of any adverse effects.

Since adverse effects were not observed in any dogs and NC-
related lesions were uot found in the dogs that were euthanized for necropsy
at the end of 13 weeks, 17-week necropsy and blood analysis were not per-
formed at 17 weeks.

3. Results

a. General Observations. Body Waight and Feed Consumption

The control dogs and dogs fed various levels of Nk or lin-
ters were healthy and exhibited no toxic signs throughout the study. Their

6



body weights ate summarized in Table 1. All dogs lost weight during the
first 4 weeks of the study and most dogs regained weight thereafter.

There were no apparent changes due to treatment with NC.

Feed consumption during the first and last 4 weeks of the
study are shown in Table 2. Individual dogs varied slightly in feed con-
sumption from day to day. On the average the normal control dogs ate the
least, and all treated dogs ate more. The dogs fed 10% of NC or cotton

linters ate about 15% more feed than did the normal control dogs. If one
assumes that the NC and linters were non-nutritive bulk, the net consump-
tion by all dogs were very similar. During the recovery period, when all
the dogs were fed plain feed, all groups Ate less.

b. Blood Analysis

The laboratory data for dogs in the normal control group,
the cotton control group and the groups fed the low, middle and high levels
of NC are summarized in Tables 3 through 7, respectively. Results for

males and females varied little and have been combined for statistical
analysis. Feeding nitrocellulose did not produce any toxicologically
significant changes in any of the laboratory tests. There were a number
of statistically significant differences when compared with the baseline

levels or when compared with normal controls at the respective time inter-
vals. The changes were small and inconsistent and all data were within
normal limits (Appendix I).

c. BSP Retention

BSP retention was determined in the dogs terminated at the
end of 13 weeks. Results are summarized in Table 8. NC did not cause any
apparent retention of BSP.

d. Organ Weights

The absolute and relative organ weights of the d.gs killed

after 13 weeks of NC feeding are listed in Table 9. NC did not cause any
apparent change in various organ weights.

e. Gross and Microscopic Examination of Tissues

At necropsy after 13 weeks of feeding, all dogs were in
good health with normal body fat. Male No. 1 had a hypertrophic nicti-
tating membrane of the left eye due to hypertrophv of tne glands. Fe-
male dogs Nos. 2, 6 and 10 had discolored spots on their lungs, Female
No. 18 had an enlarged, inflamed right tonsil. Dogs Nos. 2 and 17 had

small discolored spots on their livers. Male No. 9 had a slight thicken-

ing of the cusps of his aortic valve, but it did not appear pathological.

7



The results of the microscopic examination are shown in

Table 10. The normal control and cotton control dogs and dogs fed the

high level of NC had mild or moderate vacuolation in the hepatoc.ytes;
special staining showed that these wex. glycogen deposits. In addition,

mild inflammatory changes were seen in the liver of most dogs, in the

tonsil of one normal control dog (No. 1), and in the uterus and tonsil
of one dog fed the high level of NC. The normal control dog (No. 1)

also had focal degeneration of germinal cells and retarded spermatogenesis.

These lesions were spontaneous, naturally seen in dogs, and ware not

caused by feeding of NC. The bone marrow and myeloid/erythroid (M/E)

ratios of these dogs were normal. Because no NC-induced lesions were

seen in dogs fed the high level of NC, complete examination of tissues
from dogs fed the low or middle levels was omitted.

4. Discussion and Conclusions

Feeding 1, 3 or 10% of NC or 10% of cotton linters to dogs for

13 weeks did not cause any adverse effects. Dogs fed 10% of NC or linters

ate somewhat more than the others, indicating the test materials were
rerely non-nutritive bulk. All dogs, including the normal and cotton con-

trols, showed some variations in body weight, peripheral blood elements and

various clinical chemistry tests. NC did not cause any gross or microscopic

changes in tissues.

B. IMunMolofic Response to NC

1. Ltrwuction'

In humans, anaphylactic reactions were associated with a higher

iw.unoglobin E (ISE) titer.-/ The IgE, the allergic or hypersensitive anti-

body, o! dogs treated with NC was determined.

2. Material and Methods

The imnunodiffusion technique of Mancini et al.5-/was used for de-
termination of serun IgE titer. Replicate 1 ml samples of serum from the

normal control dogs and dogs treated with various levels of NC at various in-

tervals were placed in wells in an immunodiffusion chamber along with suit-
able standards. These dogs were used for subchronic toxicity study as de-

scribed in Section IA. The diffusion chamber was incubated at 371C for
48 hours and the diameter of the precipitin ring was measured. Since the

square root of the diameter is directly proportional to the concentration of
the antibody, the IgE concentration was quantitated with the standard anti-
body reagent.

8i
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3. Results and Conclusion

The results of ISE cuncentrations of normal control dogs end dogs
fed NC or linters are summarized in Table 11. Feeding of NC for up to 13
weeks did not cause any apparent changes in serum!• concentration of IgE.

C. Suimary

Feeding of 1, 3 or 10% of NC or 10% of cotton linters for 13 weeks

did not cause any adverse effects. Dogs fed 10% of NC or linters ate some-

what more than the others, due to the non-nutritive bulk effect of tC.ese
materials. All digs had some variations in body weight, hematologic and
clinical chemistry tests, and commonly seen spontaneous tissue lesions.

Feeding NC did not change serum concentrations of IgE.

9I
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ii
TABLE 1

BODY WEIMTS OF DOGS FAP NC ii
Dose Dog Body Weishts (kg)

(% in Food) No. Sex Initial 4 Weeks 8 Weeks 13 Weeks 17 Weeks

o 1 H 9.4 u.4 9.4 11.4
0 2 F 8.4 7.4 7.4 8.6

lOCm/ 5 M 13.6 13.1 13.0 12.8
loc 6 F 8.0 7.3 7.4 8.5
1 9 H 11.8 11.5 12.0 12.81
1 10 F 11.0 10.2 10.3 11.4
3 13 1.1 10.8 10.0 10.3 11.8
3 14 F 8.0 5.9 6.3 7.4

10 17 M 11.8 10.3 11.3 12.0
10 18 F 9.8 8.8 9.0 9.5 1
0 3 H 12.6 12.0 12.2 12,4 13.2
0 4 F 8.0 7.6 7.3 8.4 b/ 6.6 I
Inc 7 H 11.0 10.6 11.1 11.8= 12.2
boC 8 F 8.2 7.7 8.8 9.3k/ 7.0
1 11 H 12.8 12.5 13.1 14. 2=- 13.5
1 12 F 12.0 11.9 12.0 V: 2b/ 10.0

315 H 12.6 12.0 12.3 12.8 b/ 13.0
3 16 F 7.2 6.9 8.0 8 ý 7.0

10 19 m 9.8 8.9 9.0 9 .S1 10.0
b10 20 F 9.4 8.1 8.2 9.6-' 8.5

aI Cotton control, fed 107. of cotton linters. -
k/ Feeding of NC or linters discontinued thereafter.

1I
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TABLE 2

FRE) CONSUMPTION OF DO2W FE NC

Dose Dog Food Consumption (=m/day)
(% in Feed) i at 1-4 1eir 14-17 Weeks

0 1 M 720
0 2 F 554

loC!/ 5 M 677
IOC 6 F 641

1 9 4 637
1 10 F 652
3 13 M 7C9
3 14 F 639

10 17 M 701
10 18 F 730

0 3 m 570 719
0 4 F 574 424

loc 7 m 788 628
loc 8 F 653 461

1 11 M 606 611
1 12 F 691 523
3 15 M 685 472
3 16 F 631 529

10 19 M 622 407
10 20 F 704 516

0 1-4 605 572
lC 5-8 690 545

1 9-12 647 567
3 13-16 666 501

1.0 17-20 689 462

/ Cotton control, fed 107. of cotton linters.

11
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"WONOCYlTSo A .7 ± .3 2.6 .6 2.5 t .6 .4 S .

ATYPICAL, 4 0.0 ± 0.0 0.0 ± 0.0 0.0 t. 0.0 0.0 1 0.0

NUCLEATED 140)C- ' 0.0 ;L 0..0 0.0 ± 0.0 0.0 ±* 0.0 0.0 0.0

CLOTTI*44 T1AE* 4101. 0.4 ~ P4.6 :t o 7.6 1 .7 .5 ± .2

OLUCOSE (FASTINGI, W;i A 101.7 e .3 67.0 U. 9./ 123 1 I.A 98.3 ± 3.9

SOOT. lU/L 29.7 ? .1 23.0 P. 29 22.0 t 2.3 16.0 -- 1.2

SGPT. 1U./L 34.9 ±2.9 34,0 1 .7 35.3 ±4.2 32.3 1 4.1

ALA. PMOS.. 1(UL 77 9 301 4 ! 40 W A/ 32 -- Sl

CP4OLESTEMfil.oM 16 164b~ 14 163 1 10 1 r6 ± 6 160 17

.4-k 3341.9& 1* 001.5 _t .6 10.3 ± 1.1

WnTRI AP MRE AN ± STAMPSD IWRE

JL/ SIBRlflC88tly difttrent fv.. the beeBILAe leygi (Dhanett'a eatiple c@ertsdg proemare.~').
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TABLE 4

SLAORATOFZY DATA OF DOGS FED COTTON LI, RS

OnSE 1OL LIrNiM 4119N) 8AS!LINE
(T414 TaEhTMENT
4N NUMBER OF nOGS

.K 0 Is. 41 WK 4 W . 41 WK 8 fC. 4) UK 13 (Ce 4)
.3

ERYTqi4OCYTES (A10 /NM ) .92 1. .10 5.63 t .43 5.9 qq 09 5.5% 1 .11

OVE!NZ HODIEq. 4 0.00 0.00 0.00 _. 0.00 0.00 1 0.04 0.00 r. 0.00

HETICULOCfTES. S 070 6 ._* 4 P? a .0681 .72 ± .13 .52 . .06

"4EMATOCPIT. VOL. 1 43.S 0. 38.0 _0 4.'J 40.s t .. 4P.3 .7 1,

4ENUJGLO8N, ON. 9 IS.0 .3 13.9 1 .4 14.2 ± .4 14.b S.

MFT14EMOGLOSINS is Z2a .2 0.0 t. 0.0 .7 t. .7 0.0 a. 0.0

MCV4 CUPIC MICRONS 73.S 1.2 66.8 ± 3.% 71.2 z 1.S 76.6 1 1.6

PoCkd. %IICp.O PIC)Oa"i. dS.4 a .524.9 a. .4 2S.0 a .726.1 a. .4

DCI4C.O 504 % 34.S P. . .1?.8 a 3.5 35.4 a. .5 346.1 a. .3
S 3

PLAtELETS (1X1O -d . 2.7 .3 ?.' a .3 2.6 a. .1 *3d a .3
3 3

LEUROCYTES (X10 /lM w 11.4 .3 I1P !. .8 10.8 t .7 14.5 a 1.3

NEUTROP"ILS, % 56.3 . 4.3 56.3 a 4.4 66.0 a 2.0-1 63.5 a 1.8

._Yt*3-.t.CYTES. %o 41.2 a. 3A 38.9 a. A.;? 27.0 a .6* 30.0 a. 2.7

8ANOi, 4 0.0 0.0 0.0 a 0.0 .3 a ,. 0.0 a 0.0

EUSINOP4ILS. % 3.6 A. 4. 1a 1.9 5.3 a 1.5 S.S ± 2.1

*ASOPh1LS* A 0.0 0.0 0.0 a 0.0 .0 a 0.0 0.0 a 0.0

4OOCYTES. % . ,. .5 a .S 3.S t .9 1.0 a ,

ATYPICAL. 4 0.0 0.0 0.0 a 0.0 0.0 a 0.0 0.0 :t 0.0

NUCLEATF0 6#C- 4 0.0 0.0 0.0 a 0.0 0.0 a 0.0 0.0 ± 0.0

CLOTTING TIME. MIN. 6.3 .3 4.4 a .1 7.0 a .4 7.3 *5

GLUCOSE IFASTING). Mr, 96.0 aP. 64.3 a 4.21/ '?.S a 3.6 8S.S a 2.7-

SGOOT- U/L 29.2 a 17 23.S a ?.S ?6.8 a 3.6 23.3 a .8

SOPT. lUlL 43.8 1 7.A S9.3 a. 18.5 39.0 a. 5.6 32.5 a 3.6

ALA. P-OS., IU/L 07 a 3A 1 6 36 1 7 14 7

CPOLESTEROL, OG A 165 a 11 158 a. 7 143 a 10 160 A q

jeNJt, MG 4 13.2 a. 1.1 0.S I 3.0A/ 9.3 .9- 7.5 a. 1.01/

KIrTKZES AIl KAIU P STAKDARD Mot0

c/ Significantly different fram the baseline level (Dunnettas multiple comparison procedure'/).

k/ Significantly different from the controls at the respective tim o interval (Dunnet's multiple comparlom procedure-3).
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TABLE 5

[AOATR MM&L OF DcS I~~nC

post 1% xo BSN38SEL1IeE

#4 e*UMBEA Or Does

wk 0 M* 4) WK 4 (To 41 WK * (T. 4) Nt 1.11T- 6)
6 3

EMYfsNROWES 4X10 /104' 3 S.77 & 1 S.710 t .09 S.74 .14 1..16 sk

"9klNZ dooIest 4 0.00 z, 0.00 0.00 t. 0.00 0.00 1 0.00 0.00 0.00

AM1CULOryllso .012 .03 .224 1. 404 .A .10 .44 .17

'(ENArocRIT. VflL. 0 %1.6 1 .2 60.5 6 5 39.8 1 t.6 37.8 3.7*

MEMOGLOSIJN. Go. S 14.3 2. .5 13.7 . .2 14.0 1 .4 13.1 1.34

MVEOLO#.40.0 S. 0.0 0.0 ~.0.0 0.0 j 0.0 0.0

MCV9 CUilIC.MI1C9ONS 72.1 1 .4 73.j on 69.Z 1 1.6 73.4 J,13

0C00§ 141COO "101C.10MS. 24.8 ~ 124.1 ± .2 244~ .3 25A

4CH~Cs Cno A 3*.4 2. .3 33.9 2. 2 35.? .4 3A.6 ;t .6
5 3

PLATELETS IN1!6 /MM140 2.4 .3 2.3 * 2 2.5 .? 2.6 ± .3
3 j

LEUA1'CYTES (XR 140 / 3 11.6 9 .1 12.7 2.1.6 11.8 ± .9 15.5 L 2.1

NL~UROPH1LS* S 54.5 2. 1.t S5.4 4.s S6.4 1 2.5 61.0 1.8

LYWPNOCYTtSe 4 42.4 i 1.0 3P.3 ±3#4 3S.S 3.7 31.8 ±3.2

BANDS. S 0.0 ~.0.0 0.0 ±0.0 0.0 ±0.0 0.0 0.0

EOS1NOR'eMhLSo S 2.8 .6 5.5 .9 6.3 1 .4 6.6 2 2.?

i)ASOP1MILS. S 0.0 ±0.0 0.0 ±0.0 0.0 ±0.0 0.0 0.0

%$Q1fCYT.ES. % .2s~ .2 .5 * 3 1.5 .4 .5 ± .3

ATYPICAL* il 0.0 0.0 0. 0. 0. 0.0 0. 0.0

6.3 ~ .7 8.3. 6 4. 9.0 ± 3.

GLCS FIM) Oi 100.1 1.1) 49*3 t. 9?.91 4 .? 9%.6 ± 29

ALII. PWOS.v UL8 4 64 o i

CI'OLESTE9OWL MG 147 14 9 14 ±t 3

RUIN# Me A 12.8 1.3 14.0 ± .7 10.0 1 1.1 11.3 1 .$

aRIES AU ~MR ± STAIIDAD 911M

ofSignificantly different from the baseline level (Dwiaect's multiple comaerison ptocedur 31).
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TABIt '

rAM:OR¶CRY DTA OF DO(-'- MýN

tosr 32. NC~.4 6S~9

N a UPPEIN (F DOGS

WI 0 (qq 6 w% 4 (C. 41) WK 8 (C. 4) WK lj (C. 41

ERYNN4OCYTES IXI0 IMM 5.42 ~. .17 6.05 .- .30 S4.6 S..~ .34 I .IS

iMirZ *ODIES. 4.gO 0.00 0.00 a. 0.@@ 0.00 0 .0e 0.00 1. o.00

AMtCULOCYTES4 * as9 1 .48 424 L .08V ~ .76 a lp oks t . 0)

mEmAroc&IT% VOL. $ 43.J 1, 1.3 44.) o l.41.3 ±1.% f-'.S 1 ±

'4EN4QGLCIN.P 011. 4 151 S1.1 ± 716.6 1 .6 14.0 , .2

alUM(MOGLONIN.4 4 . 0.0 0.0 0.0 1 0.0) 0.0 a. 0.0

mcV% CUAI!C 4ICQONS 74k.! 13. 1.1 ??.Q I .q 69.? ??7.3 1.0

PiC"". MICOO '"IC4OGA'%. 41.4.9 1 .4% 14.9 $. 1 24.s P 1! 6.0 .3

MC~rSCo AmN % 34.6 1. S 34.3 1 3S.4 t .3 33.? .4

PLATELETS (Al" ./mk 2.% .1 j*5a . 2.7 2. .3 2.6 @a4

LEUKOCYTES (XIO /MM 13.9 z 1.1 10.9-± 1.3 11.9 t 1.7 1?.? 1.'

'4EU7400141LS. 4 SP.6 1 4.4 61.0 3.3 49.5 1 3.P 46.4 ? .1

1.w4)CT5 %36.6 t 3.4% 30.5 2.9 U2.0 1 3.3 ?$.a e .s

,4NO~o * 0.0 1 0.0 0.0 z.0.0 .3 a .3 9.0 -a 0.0

FOSIN00,414- 'K 3.5 Z 1.4 7.0 ±.2.3 6.8 ± .6 6.3 1 .6

O3ASOP14ILS. IL 0,0 :t 0.0 0.0 1 .0 0.0 0.~0 0.0 a 0.0

"MOmrCTTESO 0 1.3 A .51 .1% 1.4 .3 .3 ± .3

AtYPICAL. 0.0 t. 1.0 0.0 a. 0.0 0.0 10.0 0.0 0 .0

CLOTTIN(' TIAE% MIN. 6.? .1 4._ .3 1/ 6.9 t 7.9 1 .

L ICS FSIA) 4 0. __.5 90.5 11 a! 83: . 78-



TAWKZ 7

LADOPATORY DATA OF DOGS M NC

nOSe WI • .NI SISLINE
(T.E4) TSLATWCNT .
N U NUWNOE OF O0S6

WK 0 It. &) UK 4 !T. 41 U I (. 4a) UK 13 (T. 41
6 3

FIYTV4OCTE/S S410 IW* I 5.00 3 .7S 5.9L a .19 s.it S .I7T 5.40 0|.19

04E114 01O01(S. S 0.00 1 0.06 0.00 L 0.00 0.00 ' 0.00 g00 0.00

kETICUL(,CYES. C .43 1 oil .31 L. .0', .4S S. .1A .414 a .11
AEMATOC91to VOL., -bt 41, 1.1 4.1.8 1.Io 40.8 1 1.4 39,5 * .6

HCMOGLOWIN* GM. 1 14.4 e .S 34.4 3 .6 14.? ± .• 13.? * 5-

ETHE14••OLOIN, 4 .6 3 .P 1.' a .4 1. S & 4 1.4 • .0

OCY9 CURIC MICRONS 73.5 1 1.3 70.9 .1 ,T.4. L 1. / 73.1 1 If

MCHte 141C010 NICQOGMI. 1S.4 3. .4 24.6 3. .4 P4.0 't oft ~ * .4

MCHO~CO GM 4 34.6 .3. . 3S.0 t. .5 ~41 t. .2 34.6 $1 .
5 3

PLATELETS (43) /4Me ) 3.0 . .3 2.4 A .4 t.G 3. 1.8 . .6 .
3 3

LEUKOCYTES 4X10 'NN 1 11.o ' 1 ,i2.L 1.3 10.1 i .4 14.9 0 .6

4EUTROPHIL5* 4 5T.6 1 0.2 61.0 1 11.0 S3.0 _0 4.4 6a,5 1 S.4

LY0#P0OCYTES* " )6.3 P 7.3 P9.3 . 5.9 30.3 t So.3 P.. C. 3.,

BANOS* 0.0 0.0 0.0 6 0.0 0.0 1 0.0 0.6 0.0 I

[O51HOPOILS9 6 3.5 ~.1.1 7.3 3. .9 7.0 1 1.,% 0.4 :L 3.7

dASOP04ILS* S 0.0 1 0.0 0.3 a 0.0 0.0 1 0.0 0.0 1 0.0

"WONOCYTES. % .6 3. .7 1.5a .9 l.P ?. .9 .3 t. .3

ATYPICAL: i 0.0 0 6.0 0.0 a 0.0 0.0 a 0.0 0.0 -0.0

NUCLEATEO PeC. S 0.6 0.11 0.0 0.0 0.0 00 0.0 0.0 1 0.0

CLOTTING TIMES "IN. 6.S P 4.9 . ?A 4T 5- 9.5 .3

"CAUCOSE IFASTING)o "b 4 96.S 1.1 96.0 4 .0 91k.3 ;L 4.? 09.0 t 1.7"

SOOT* IU/kL .2.7 1.4 20.3 1I,) if 24.3 1 1.4 19,S ! 2.,6A/

SOOTS IU/L 33.6 1,2 32.4 1.9~ 30.8 L 2.9 P7,5 1 3.5

AL9. PKO5., WIUL ?6 1 5 46 6 4/ 8 i S 14.4 1 3 1/

CHOLESTEROL. MG 1ie9 a 4 133 • 4 11 - 130 ± 4

BUN. Me0 12.8 . ,4 9.4 3 , 10.3 v .6 9.5 1.$&/

m ux s £1 lU• ± mu in

I/ Sitiificaatly different frem the baseline level (P•unena's multiple comparison procedural/).
b/ Significantly different frothe conetrols at the respective time Interval (Duannett's multiple coemtlson proc•iura-).
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TABLE 8

BSP RETINTION OF DOGS FED NC FOR-13,.EEKS

Dose Dog
(% in Food) % Retention

0 1 5

C 2 2
l0c.&/ 5 4
loC 6 2

1 9 2

1 10 4

3 13 5
3 14 5

10 17 4
10 18 3

a! Cotton control, fed 10% of cotton linters.
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TABLE 11

SERUM I,,E (IU/m!) OF DOGS FED NC

Dose TreAtment Weeks

(7. in Feed) Week0 Week • Week 8 Week 13

0 925:98/ / 400, 1500 1075+229 1531*142

10!/ 975, 1175 1488*128

1 400, 400

3 925 1500, 1525

10 923*41 656k93 14 4-4t 1431*16

a/ Cotton control, fed 107. ýof cotton linters.

b/ Mean ± standard error of four dogs.

c/ Individual values.
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11. RATS

A. Subchronic Toxicity and Reversibility 4

1. Introduction

As for the dogs, these studies were performed to define the nature

and extent of effects of NC on the biological system at the biochemical and
cellular levels and to elucidate the dose-response relationship in the rats
fed NC for 13 weeks. The reversibility of any adverse effects was also
studied after the feeding of NC was discontinued for 4 weeks.

2. Material and Methods

a. Number of Rats, Sex aid Treatment

A total of 40 male and 40 female young healthy CD® rats
(Charles River Breeding Lab., Wilmington, Mass.) were used for this study.
They were divided into five groups, each consisting of eight males and
eight females. The average weights of all groups were kept close. Three
groups of rats were fed 1, 3 or 10% of NC in the feed. The 4th group, re-
ferred to as the cotton controls, received 10% of cotton linters in the
feed. The 5th group, referred to as the normal controls, waa given the
powdered standard rodent chow (Wayne Laboratory Heal) without NC.

b. Animal Husbandry

Our animal quarters have a ventilation system with 10 air
changes per hour. The room air is passed through filters to remove 99.9%
of all particles larger than 0.3 g. The temperature is maintained at 75 +
5°F and the relative humidity at 50 + 10%. The light cycle in all animal
rooms is kept at 12-hour on and 12-hour off with a timer.

Upon arrival from the breeder, the rats were isolated and
conditioned in our rodent quarter for at least 2 weeks before starting
on the experiment. They were housed two per plastic cage with filter

0 ltops. Hardwood chips were used after steam-sterilization as bedding
material and changed weekly. All cages, cover tops and water bottles

were steam-sterilized before using and once every mow.th. Feed and water
were available at all times,

c. Feed Preparation

Wet NC was dewatered, as described for the dogs in Section
I.A.2.a., and an appropriate amount added to the rodent chow to yield
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a diet containing 10% NC on a dry b&ais. The diet was placed in a wc.o.n
box (16 x 16 xc 20 I.n.) until half full. The bo:x was rotated &bout its
long axis for I hr in a modified cement mixer at ýi speed of 20 rpm. Sub-
sequently, ap'•ro.riate amounts of this diet were mixed with the standard
chow to pr.)tkce 3% and again 1Z of NC, revpectively. The diet for the
cotton conticl group consisted of IU% of cellulose lintfirs mixed ais
for the 17C diets.

d. pEnpri'vental Procedure

The .xperimental procedure: for rats tias the samwe as for
dogs, described In Section T.A.2.b., wit:h the fI~ollowing exceptions:

(1) Blood samples we rc.! collected by cutting the
tip of the t'dil at 0, 4, 8, 13 eanq..cr 17 weeks for hematology tests.
In addition, ter.-inal blood wi.i f • )e.te' 1•rorm the abdominal aorta un-
der ether anesthesia for cltie , a.ris•vy t~ests.

(2) BSP Y-ei-eztion test was not performed.

e. Experiment •l Design

The experimental dcsign for rats was the same as for
dogs, described in Section I.A.2.c., with the following exceptions:

(1) At %Jhe end of 13 weeks, four male and four
female rats from each group wore euthei',ized for necropsy.

(2) The tr.atment for four males and four female
rats from each group were discontinued at the end of 13 weeks. They
were kept for observation. Since adverse effects were not observed
in any rats and NC did not cause any lesions in the rats that were
euthanized at the and. of 13 weeks, the rats for the reversibility
study were not necropsied for eKamination at 17 weeks as scheduled.

3. Results

a. General Observations and Weight Gain

The rats fed linters or various levels of NC were generally
healthy throughout the experiment. However, during week 4, one low dosage
male (No. 155) became inactive, occasionally twitching, and had a large
lump on his forehead. During the next weeks he gained little weight,
his fur became rough, 'and his back arched. In week 6, he lost 41 gm in
2 days, so he was killed. Necropsy showed severe hydrocephalus, apparent-
ly congenital. One night in week 8, one low dosage female (No. 256)

24
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caught her left front leg in the wire mesh case top. By mor•ing the leg
was black due to a tourniquet effect, so she was killed. There were no
other gross adverse effects.

The body weights of male and female rats before, during
and after NC feeding are shown in Table 12. The weight gains of the
males and females fed the low (1%) and middle (3%) levels of NC were corn-
parable to those of the control group. Males fed the high level (10Z)
of NC or cotton linters had reduced weight gain, with the cotton control
rat4 beiag aomewhat more affected. When returned to plain feed zor tbe
recovery study, the body weights of the high level males approached the
weights of the normal control males, whereas those of the cotton control
males were still less than those of the normal control males. Th• weight
gains of the female rats fed 10% of cotton linters were also dt ceased
as compared with the normal control females.

b. Feed Consumption

Feed consumption of rats fed the cotton linters or various
levels of NC are shown in Table 13. Rats fed the cotton linters or the
high level (10%) of NC were readily identified by the enormous mounds of
white fluffy material scattered all around the cages. Apparently, the
rats tried to discard the fiber while trying to get at the feed. There-
fore, these rats had high apparent feed consumptions. Rats fed the low
level of NC ate somewhat more feed than the control rats. Rats fed the
middle level ate considerably more. Since there was no apparent increase
in feed scattering, these rats ate more feed to compensate for the non-
nutritive fiber in their diet. During the recovery period, most rats
consumed less feed than the controls.

c. Blood Analyses

The laboratory results from control male rats and male
rats fed linters or various levels of NC are summarized in Tables 14
through 18, respectively. The control males had increases in erythro-
cytes and hemoglobin, a decrease in reticulocytes, and various change3
in the cell indices. These changes are normal in maturing rats like
those used in these studies. The terminal blood samples have statis-
tically lower hematocrits and leucocyte and platelet counts. The
leucocyte count is below normal (see Appendix I, Table L). One control

ii male (No. 136) had very high SGOT (595 IU/liter), SGPT (803 IU/liter)
and alkaline phosphatase (111 IU/liter) values. The other peripheral
blood elements fluctuated within normal limits. Similar changes and
fluctuations in peripheral blood elements occurred in rats fed various
levels of NC or cotton linters. The changes and fluctuations were
small, inconsistent, and were not due to NC.
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The laboratory results from control female rats and fe-

male rats fed linters or various levels of NC are summarized in Tables
19 through 23, respectively. The results were similar to those seen
in the malen. There were increases in erythrocyte count, hematocrit,
and/or hemoglobin concentration, and/or decrease in reticulocytes during
the experiment in the normal control and cotton control rats, and rats
fed various levels of NC. Other changes and fluctuations were small and
of no clinical signiiicance.

d. Organ Weights

The organ weights of rats fed 10% linters or various
levels of NC for 13 weeks are sumnakized in Table 24. When compared with
the normal control rats, the males fed IOZ of cotton linters or NC had .,
significantly smaller weights of liver, kidney, and/or spleen with similar
weights of testes and brain. These males also had considerably smaller
body weights. Based on body weights, their relative weights of testes
and brain were larger, and their liver, kidney and spleen weights were
similar to those of the normal control males. Based on brain weight, the
relative weights of the various organs of the treated males were not
significantly diffqrent from those of the normal controls. For the fe-
males, there were uit any consistent differences in various organ weights.

e. Gross and Microscopic Examination of Tissues

The rats fed Unters or various levels of NC were in good
nutritional condition with no gross lesions when necropsied after 13
weeks of feeding. Results of the microszopic examintion are shown in
Tables 25 and 26. The control rats and the rats fed the cotton linters
or the high level of NC had inflammatory lesions in the myocardium, lung,
salivary gland, liver, kidneys and/or adrenal. Other occasional lesions
occurred in both the control rats and rats fed linters or NC. The lesions
included retinal rosettes, epithelial hyperplasia, corneal thickening
and/or chorioretinopathy of the eye, pinworms in the large intestine,
pelvic dilation and/or microcalcull in the kidney, or a cysLic and hy-
poplastic thyroid. These lesions were spontaneous and were not caused
by cotton linters or NC. The bone marrows and their M/E ratios were
normal.

Since 10% of cotton linters or NC in the feed did not
cause any lesions, the tissue slides prepared from rats fed the middle
(3Z) or low (1%) of NC were not examined.
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4. Discussion and Conclatsions

Male rats fed the low, middle or high levels of NC consumed
26.9, 31.7 or 58.1 gm/rat/day of feed, respectively. Female rats con-
sumed 20.1, 22.9 or 46.5 gm/rat/day, respectively. Much of the feed,
particularly the cotton fibers for the rats fed the high level (101)
of NC, was spread about the cages. Rats fed control feed ate less
averaging 25.9 and 17.5 gm/rat/day for the males and females, respective-
ly. Rats fed 10% of cotton linters ate and removed considerably
more feed averaging 67.3 and 52.2 gm/rat/day for the males and females,
respectively. The NC and linters apparently acted as non-nutritive
bulk ingredient in the feed, and the rats attempted to remove it.

These rats d±d not get enough nutritive portion of the feed, and they
gained less weight than did the normal control rats, The male and the I
female rats fed the low or middle levels of NC apparently received enough
nutritional intake. They gained weight colAparable to the controls.

NC did not cause any significant changes in peripheral blood
elements or clinical blood chemistry or any lesions. The changes in
organ weights were due to depressed body weight gain. One control rat
(No. 136) had high serum transaminases and alkaline phosphatase due to

marked hepatic necrosis. Other noted effects were mild and inconsistent.

B. Cytogenetic Effects of NC

1. Introduction

The cytogenetic effect of NC on somatic cell chromosomes was
studied. The lymphocyte and kidney cultures from ratL fed NC were ob-
tained and examined for any damages.

2. Material and Methods

a. Animals

Rats fed the high level of 4'' from the subchronic toxicity
study were used. These rats were fed 10% of NC in the feed for 13 weevs.

b. Lymphocyte and Kidney Cultures

At the end of 13 weeks, blood samples were aspetically dra\wn
from the tail veir of both the cotton control and treated rats. The cotton
control rats fed 10% of cotton linters were used to eliminate any effects
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due to the non-nutritive bulk fibers. The lymphocytes were cultured by Li
the method of Moorhead et al.A/ Kidney tissue samples were removed at
necropsy and cultured by the trypsinization method of Fernandes.7/ All
cultures were maintained in Eagle's medium as modified by Vogt and
Dulbecco.8/

c. Chromosome Analysis

Actively dividing kidney cultures and phytohemagglutin-

stimulated lymphocytes were arrested in metaphase by short-term col-"I
chicine treatment. The cells were trypsinized, swollen in hypotonic
solution, and processed for spreading on glass slides by the method of

Moorhead and Nowell.9Y Slides were stained with giemsa and scanned
under low power optics-. Cell polyploidy was estimated by examination
of 200 cells. Slides showing minimum scattering of cells in metaphase
were selected for analysis under oil immersion optics. Chromosomes were
counted and morphological aberrations were examined from photographic
negatives of up to 50 metaphase cells.

3. Results and Conclusion

The results on numerical and morphological aberrations of
chromosomes are shown in Tables 27 and 28, respectively. Rats fed 10%
of NC for 13 weeks did not show any changes in chromosome frequency dis-
tribution, number of tetraploids, or frequency of chromatid breaks, gaps
or translocation in the peripheral lymphocyte and kidney cultures. NC
was not absorbed through the gastrointestinal tract as discussed below
in Part IV, so these results are expected.

C. Immunologic Response to NC

1. Introduction f
Immunoglobin E (IgE), the allergic or hypersensitive anti-

body, was associated with anaphylactic reactions in humans.A/ Serum 1
concentrations of IgE of rats fed NC were determined.

2. Material and Method

As described for the dogs in Section I.B.2., the immuno-

diffusion technique of Mancini-5/ was used to determine the serum IgE
of rats fed 10% of NC for 13 weeks. These rats were used in the sub-
chronic toxicity study described in Section II.A.

28

28-

-.... ... .. . . .. . ....... . !



3. Results and Caaclusion

Serum concentration of IgE of cotton control rats and rats

fed 10Z NC for 13 weeks are sumarized in Table 29. NC did not ap-

parently alter the serum concentration of Ig.

D. Suumary

Rats fed 1 or 3% of NC in the feed for 13 weeks consumed slightly
more feed without any adverse effects. Rate fed 101 of NC or of cotton
linters consumed large amounts of feed, but scattered much of it around
their cages. They failed to gain as much weight as the controls, due to
not getting enough nutritive intake. These rats did not show any changes
in peripheral blood elements or clinical blood chemistry, any lesions, any

cytogenetic damage, or any effect on serum IgE.
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TABLE 12 3
BODY WEIGHTS OF RATS FED NC ]

% NC Body WeiLhAs - m)1-
Sex in Feed Initial 4 Weeku 8 Weeks 13 Weeks 17 Weeks 3

Male 0 250 + 5-/ 394 + 9 477 + 15 540 + 16

1 0 CA/ 240 + 5 326 + 4 361 + 14 420 + It
1 254 + 6 389 + 15 472 + 23 545 + 3V

3 239 + 12 385 + 26 456 + 24 520 + 27
10 232 + 5 329 + 5 391+ 4 446 + 5

Female 0 179 + 5 250 + 3 278 + 7 306 + 6
lOC 188 + 3 231.+ 6 270 + 3 298 + 6

1 171 + 7 236 + 14 266 + 9 283 + 11

3 181± 3 252 + 9 293 + 13 330+ 14
10 182 + 2 242±+ 5 274+ 7 304 + 15

Male 0 246 + 3 399 + 9 487 + 21 555 + 22 600 + 22
loC 251 + 3 322 + 9 376 + 11 438 + 15,/ 557 + 25
1 246 + 3 368±+ 9 442 + 9 507 +17- 550 + 13
3 246 + 11 393 ± 22 456 25 525 + 30/ 576 + 38

10 253+ 6 350+ 13 408+ 14 476± 12-/ 596 ± 17

Female 0 186 + 5 247 + 7 274+ 7 308 + 10 328 + 9
10C 192 + 11 231 + 6 272 + 4 287 + 5S/ 315 + 2 -i

1 175 + 5 239 + 7 282 + 12 308 12L/ 321 15
3 172 + 4 243 + 6 277 + 7 310+ 9/ 317 ± 10

10 187 + 4 250 + 9 283 + 9 311 + 130 339 + 2

a/ Cotton control.; fed 10% of cotton linters.
b/ Mean + standard error of four rats. ii
S/ NC or linters in feed discontinued thereajýZer.
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TABLE 13

AVERAGE FEED CONSUMPTION (m/rat/day) OF RATS FgD NC

% NC Males
in Feed I - 4./ 5 - 8 9 - 13 1 - 13 14 -17--

0 24.7 27.1 26.0 26.0 25.1
lOcA/' 70.6 65.8 65.5 67.3 23.7

1 23.0 28.1 29.7 26.9 19.4
3 29.7 35.2 30.3 31.7 23.2

10 55.6 59.7 59.0 58.1 26.0

Female

I - 4 5 - 8 9 - 13 1- 13 14 - 17S/

0 16.7 17.9 17.9 17.5 16.2
IOC 51.0 55.6 50.1 52.2 14.0

1 17.7 19.6 23.1 20.1 11.9

3 21.0 24.5 23.3 22.9 14.0
10 45.6 48.0 46.0 46.5 13.1

a/ Cotton control; fed 10% of cotton linters.

b/ Weeks.
c/ Recovery period; all rats fed control feed.
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TABLE 14 3
LABORATORY DATA OF NORVAL CONTROL MALE RATS FOR NC

S. N) R S L N
(C.NI CONTROL
N a NU4RER OF RATS

WK 0 (R. 4) WK 4 1C. 4) WK 6 C. 41 WK 13 (C. 4)

ERIYTIHROCYTES (X10 /KN S .A1 .04 &.7q 1 .19 4. S'. t .24 7.15 t .3 I!
HEINZ HODOES, 4 0.0 ± 0.0 0.0 ± 0.0 0.0 t 0.0 0.0 0.0

RETICULnCyTFS, S 10•0 .4,3 1.35 a? .2 .qr, t .2? 1.11 .10

SmE M,1T O C QI T , V O L . 5 1 . 3 t 3 . 2 S2 .0 t 1 . 6 5 0. 5 t . Q 42 . 0 1 . 164 1

IEMOGLORIN. GM. t 14.2 .*2 16.2 1 f e.4 .21/ 14.3 ± 1
%ETHE4OGLOMIN. 4 0.0 . 0.0 0.0 t 0.0 0.0 t 0.0 .3 t .3

MCV. CURIC MICkONS 86.0 t 4.4 76.6 1,71/ 7,a t ?,.4/ So.? .41/

MCHd. MICRO MICJOcjMS. 24.4 ! .0 23.8 ± .2 25.1 t .7 20.1 t .31/

NCNiC, Gm 1 27.9 t 1.4 31.1 32.5 t .3-/ 34.2 .31/

PLATELETS (X10 /MM 8.0 t .7 6.S * .t S 7.1 .3 4.6 .
3 3

LEUKOCYTES (X10 /F) 18.3 t 2.9 21.0 ± 1.S 20.2 t 1. 7.0 1.9-/

'ALUTRUPHILS, 4 12.:3 . 2.1 5.0 S *• 6.3 t 7.4 23.8 t 8.1

LYOPUCYTES, % -6.3 L 2.0 92.0 Q .9 q1.5 t 2.R 73.8 1 4.0
.j i

*~~l. ~0..) 1 0.0 (.0 t 0.0 ý.o 1 1l.0 0.0 1 v.0

EOSINOPHILS. % .5 1 .5 i.3 i 1.0 1.ý ± 1. 0 .5 .5

dASOPHILS, % 0.0 • 0.0 .0.0 1 0.0 0.0 t 0.0 0.0 t 0.0

'4ONOCYTEý,, 4 1.0 • .4 .8 t. .5 t .5 2.0 ± .4

ATY*ICAL, * 0.0 .0,0 0.0 ! 0.0 0.0 ± 0.0 0.0 ± 0,0

NUCLEATED RRC. A 0.0 . 0.0 0.0 t 0.0 0.0 ± 0.0 0.0 ! 0.0

GLuCOSC (FASTING). MG 148.5 t 6.9

SGOT. IU/L 239 ± 120

SGP*'. IU/L 228 ± 192

ALK. PHOS.. III/L 3 17

Cm3LESTEROL, MG 78± 18s

RUN- MG 4 15.3 ± 3.2

ENTRIES ARE MEAN ± 'TANOARD EHROR ]
A1 Significantly different from the baseline level (Dunnett's multipie c mparison procedure/).
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TABLE 15

,ABORATORY DATA OF NALZ RATS FED COTTON LIiTSLS
lOSE 10 lo I rEEO (S.N) BASELINE

IT*N) TREATMENT

N a NUMMER OF *ArS

49S 0 to. 4) WKS 4 (TO 4) WK S 4 (V. 4) WKS 13 IC. 4)
6 3

ERYT.ROCYTFS 4xI0 /0'4 1 ).7@ * .07 .313 9 pi./ 4.46 - .41 7.19 1 .23V]

HLINZ HOO9I40 S 0.0 • 0.0 0.0 1 0.0 .0 0.0 0.0 * 0.0

RCTICULOCYTES9 1 1.65 1 ,20 P1.0 t .03 1.11 .26 1.11 . ,09

,EOGLOP1N, G6. 4 14.0 t .2 16.7 . */ 16.1 .3a/ 1S.0 t .2

14ETHE4OGLOSiN. A 0.0 1 0.0 0.0 t 0.0 A .6 0.0 i 0.0

NCV. CUPIC 4IC4ONS 45.6 , 5.3 77.1 t P.9 79.S t 3.i 60.7 1 1.71

MCH6. MhICMO 4JC,40GS. 24.3 ! .2 23.7 _ 1.1 2S.1 t 1.2 ?0.3 1 .ha

",3C¢ r i aa8.6 1 1.9 30.7 t .7 31.5 t ad/ 33.S ! .2&1
53

PLATELETS 1(30O /mm 7.2 1 .4 6.0 t 1.0 6.6 .5 5.6 1 .2

LEUKOCYTES (XO /MM ) 19.2 1 1.1 23.9 . 1.2 23.0 ± 1.A S.S 1 1.14/

4EUTkOP4ILS9 .1 7.0 1 1.4 9.8 t 1.0 8.S 22.5 t 3.9/

LYMPHOCYTES. S V2.0 1 1.1 87.3 t 1.5 90.5 S .5 75.3 1 3.65!

1ANOS. A 0.0 1 0.0 0.0 t 0.0 0.0 t 0.0 0.0 t 0.0

EOSIOOPMILS4 % 0.0 t 0.0 1.0 !. .6 .S t .3 1.0 1 .4

4&SOIPHILS. A 0.0 ± 0.0 0.0 1 0.a 0.0 1 0.0 0.0 1 0.0

a •0NOCYTEP•, 1 3.0 .4 2.0 ..7 .5 I .3 1.3 1 .3

ATYPICAL. 4 0.0 1. 0.0 0.0 1 0.0 0.0 : 0.0 0.0 1 0.0

NUCLEATFO IqC. 4 0.0 * 0.0 .3 * .3 0.0 " 0.0 0.0 * 0.0

LCOSE G G 110.8 ± 10.SkM

SGOT. IU/L 86.3, 7.7

SGOT* !U/L 31.8 • 2.3

ALA-, PHAS., lU/L 49 5

SCHOLESTEROL, MG i53t 
4

BUN. MG 4 17.8 • 2,

ENTRIES ARE MEAN S STANDARD ERROR

a/ Si•nificantly different from the baeline level (Dtmnett's mltiple coaparimon procedure3/). p)

b/ Significantly different from the controls at the respective time Intervel (D1m.ett's multiple comparison procodute )
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TABLI 16

LABORATORY DATA OF PALSZ RATS FED C

ITNi TOAT0MENT~4 a NMBJ4ER OF PATS

.~ 3 WKS 0 is. 41 Its~ 4 (t. 4) wo 1 S T. 41 WKS 13 (C. 4

Ea5~oyF XO/1 .044 .* 75S1 Z. .261' 6.9 11 wk .12 1'

HEINI FI0UIES. S 0.0 ~.0.0 0.0 1 0.000-4) .0~ .

RETICULOC'VTES. % .?~ 9 .. 61 .9~.? 10

.4MAO~I. fL.149.0 3.0 53.0 t.7. 0i '.t 1.2 .6. S. .

WE "AtOGLO v1N GM L. 114.3 . . 1 . .A16. P. 1 1i . .2

14TE06O N 0.0 ~. 0.0 0.0 0,fl0 o.0 ± 0.0 0.0 j .

MC. U~C IC)N4 3.7 ± %.1 10." F.111 2.6 * .eA 5.6 k

MC.. .C'OM1a'2S 4.5 4 12. 1' 23.2 ±.21/ ~ 4~ 11

04CIHMC. Mt # 12 . 1.30 A ~. . 32.0 i 33.6 1 .31
%~~S4 

.6S . .0

PLATELETS )XICI - 7.7 ± 1.5 7.4 ±6.9 0S4-.

LCUROCYTES (XIO /-MM 22.9 - I.q 26~. 20.' .7 9.1

*4EUTIIOP,41LS- 4 10.3 1. I.A 8.9; t 7.3 ?9.22.5 t

LYMPHOCYTFS. % d9.0 1 ?.1 90.0 ± 791.5 ±' 69.0

~a~os ~0.0.0 .0 0 00 0.0± .0. 00

EOSLNOPw1LS. t .5 623*. 1~ . 'I

MA(WIIS.4 .0 ~ . .0.0 0.0 0.0 0.0 t 0.0

WON0CYTFS. A .3 .3 .3 f 3. 3]5~.

ATYPICAL9 ?4 0.0o± 0.0 0.0 :t 0.0 0.0 ± 0.0 0.0 1 0.0

NUCLEATED lR0C. 4 0.0 0.0 0.0 & 0.4 0.0 0.0 0.0 ± 0.0

GLUJCOSE IFAST14C.). M4G 4 136.3 ± A-1I

SGOT 9 JU /L 1 7 46

scapr. 10/L 1K48

AL0(. PWOeS.. 11)/Lis 
1

CMqOLfSTE~('L% mG 6 
8±

SUN. MG 11. 
.

&~Significantli differe~ from the basalife level (Pumnetc's multiple comparison procedures').
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TABLE 17

LABORATORY DATA OF HALE RATS FED NC

00SF 3 S IN FEED (8.'d) qSIA*ELI#4

,aNUMAEIP• OF RATS

w.(S 0 (A. 41 WKS 4 (T. 4) WKS 8 (t. 4) wKS 13 (t. 41
6 3

EMYT"40OCYT.S (XIO /I.M 1 5.70 • .09 6.Q3 . .18-' f.q9 , .ia/' 6.05 9 .1t.,//

AP1011 80DIES. , 0.0 t 0.0 0.0 1, 0.0 0.0 *0.0 0.0 *. 0.0

RETICULOCYTES, * 2.32 1 .1• 1.03 t .!' *q9 . 1.07 .99 .061'

HEMATOCiRIT. VO'.. % 46.0 t 1.0 S?.n t_ .41/ SO.S t 1.P'-/ 46. .3k/

.IEMOL0HI'4 GM. • 14.2 ± .3 15.7 ± *i!_ 16.2 _ .41/ 15.9 t. 1L

0.0 t 0..0 ±0 00. 0.0 0.0 :t 0.0 0.0 1 0.0

-+CV. C'J;C MICRON'S eo.8 _ P.3 'S.1 t 1.6 73.3 t 1.4A/ 60.3 !. 1.1

MCD4N. M!CRUO MIC..OG•N. ?.9 _ .3 22.7 _ .- IJ ?3.5 t .2 20.6 t .41!

MChiC. q" 30.9 t 30.2 ±. .4 32.1 t.. 34.1 _
5 3

PLATELETS (f41 /MM t 6.7 t 5. .6 7.9 .*7 S.8 * .

3
LEU'K0CYTES (K1O /*P0 ) 21.2 t ?.S 23.2 t 1.6 ?0.9 t .8 8.3 t .9/

4EUT•lG'4ILSo 1 7.0 1. I1q 9.3 t 2.1 11.3 t 1.4 16.0 _ .- !

LY*40M0CYTES- A 92.3 .*9 90.0 1 2.0 4T.b ± 2.1 87.5 t ?. '14

BaNOS. I 0.0 ± 0.0 0.0 t 0.0 0.0 t 0.0 0.0 z 0.0

_O5JlflP,•L5. 1, .3 L .3 .3 ± .3 1.3 t ., .0 ± .41

0ASOMILS* 4 0.0 ± 0.0 0-0 0.0 0.0 - 0.4 0.0 1 0.0

vON0CYTES. £ .A . .S .5 ± .t 0.0 I 0.0 .5 *. .,

ATYPICAL. A 0.0 •- 0.0 0.0 t 0.0 1.0 :t 0.0 0.0 z 0.0

NUCLEATFD 13C* N 0.0 z 0.0 0.0 0.0 0.0 - 0.0 0.0 ± 0.0

(,LUCOSF (FASTINI). "4r• 1224.5 _ 3.7

$OOT. fu/L 75.5 1 3.1

SOPT. IU/L 27. * 7.'

ALK. 1Pw)S., lU/L 51 .

CHOLESTFOOL. MG 4 46 S

~4lgI. O ~16.4 ± .7

ENr4IES &WE MEAN ± rANOA00 E'kp#lA

!/ Sinlificantly different fron the baseline Level. (•Dueotc' multiple c(•matrison proledurr/)1.
b/ Significantly different ftom the controlw at the respective time "nterval (llunnett'uas ltipl comparkton procudure.Ž/).
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TABLE 18sL
i.

LABOR&TORY DATA OF AMI RTS FED HC-

POSE 10 %. 14 Fern( PAELINC L(TN) tPEATMENT

Nte~UN8EQ OF RATS

wgs( 0 (R. 4) WK ri 4 (T. 41 WKS 04 IT. 4) WKtS 13 IT- 41
ERYTHROCYTES (X10~d ~ *3 6A .160/ '.& .217.5 19*

HEINZ P•DIE4. • 0.0 • 0.0 0.0 1 0.0 0.0 t 0.0 0.0 i 0.0

RE11CULOCYTES,, % 2.90 t .4%Q .9R L. .19 1.77 0. 2% .Abt. .09P./

S'EMATOC1"T, VOL. 44.d t 1.4 SA.? t 2.71/ '9.0 ± 1.0 4S .3

4EMOGLO'41Ne ON. S 133.7 _# . 16.4 ~ 1!15.S j .1,1 15.5 1 .211

14E~EftGLe -IN- 4 0.0 -0 0.4 F..al 0.0 :t A.0 .e .

mve CUAIC MICuONS 83.1 t 5, ; : S. t 1 .0 016 t

M¢cc GM 'A 30.6 1 .3 Z9.3 1 .4 31,.F .6 34.3 • .21/ 1
5 3 "

PLATELETS (X108/Mm J .5.8 j 1.3 10 t S.0 t 1.*

LFU'0CYTES (Xl0 IMM 19.8 L 2.1 ?3.1 t 2.2 39.* , 1.7 4.e .

'YEUTPOPHIL';# & 7.3 1 1.3 8.5 ± 1.0 7.0 ? 2.3 2.0 • 4.8/

i.Ym0D)CYTfES# % 92.4 1 2.1 90.4; 1 .0 92.0 ? .5 73.5 ~'51
SANOS* % 4.0 6 0.0 0.0 • 0.0 0.0 t 0.0 I.C • 0.0

EOS1P4OP"I'L5. 9 .95 t rf 1.0 0.0 1.0 1 .4 1.3 .3

TsASOPM4LLS. S 0.0 ±. 0.0t 0.0 1, 4.0 0,0 t 0.0 3. t 0.0

4mO0CYTES. 4 .3 • .• 0.0 - 0.0 0.0 1 0.0 .3 t

A~y~jCAL. 51 0.0 t. 0.0 0.0 #- 0.0 0.0 z 0.0 0.0 _- 9.0

NUCLEATED oNC. # 0.0 1, 0.0 0.0 t 0.0 0.0 $ 0.0 0.0 t 0.0

GLUCOSE (FAST[NV). - M 1;04.3 4 4.0

4S2OOT* 
IU/L. #A 2

SOPT4 IU/L 2A.3 4 .4

£41(, PHOfS.* IU/L 31 5

CHOLESTFW()L. MJG I S#
qoN, r ,8.0 . .8

ENTNIES ARE MEAN ! 3TANJAWO EknOR P

It Sigifticantly differeut from the baeline level (Dunnett's iltiple goopariaau pro,:.dureŽ/), 'I
bS ignificantly difforent from the controls at the roepective time interval (Ounnett's muli!pl* coaparisoo proccdur-3/),

i..
36

'1



TABLE 19

LABORATORY DATA OF NORIMAL CONTROL FEMLE RATS FOR HC

(8,")J 8AAELPfh

1C."i CONTPIL

W1K 0 (a. 4) WK 4 IC. 4) IlK 8 (C. 4) UK 13 fC. 4)
6 .3

EQYrT-4fOCYTES (XI0 /414 ) 6.6 . .13 6.56 . .23 4.4s ,t .46 6.99 t .22

'4tt4Z RONlS.* 0.0 t 0.0 0.0 . 0.0 0.0 i 0.0 0.0 0.0

ARTICULACYTES. A 2.17 . .63 .49 . .19 1..' • 4 . I.67 1.

4EM&TOCNIT. VOL. S '2.3 • 1.4 S0.5 1.31/ 47.s 1.4.1/ '3.0

! i M•OGLO9. 'N. 1 34.3 * .2 16.3 • .3t/ 11.1 • .6 15.0 . .4

%ofT0OG00LON. 1 0.0 2 0.0 0.0 t 0.0 0.0 t 0.0 .3 1 .3

MCV. CU9iC MICRONS 68.7 • ?.A 77.1 6 1.1 12.7 2 1.0Sf 61.6 1 1.2

WC09, WCRO MICPO6iM. 23.2 . .3 24.9 t .5 26.1 t 1.3/ 21.5 *_ .3

MCNOCI G4 S 33.9 1• % 32.3 t .6 )1.6 t .3 3S.0 1 .4

"PLA1•L [T5 (E OI /4M 1 7.2 2 . S ,4 . .6 . .1 4.9 "4 /

LEUXOCYTES (AIO ID ) 16.5 ± 2.6 18.7 L 3.3 17.8 t 2.1 5.4 .7!/

NEUTROPMILS. A 11.3 , 3.7 5.3 1.1 9.8 t 4.4 16.0 1 2.4

LYMPmOCYTES. A 87.0 • 3.' 93.8 L 1.7 48.8 t 4.8 60.3 t 0.8

!$AP4OS. S 0.0 t 0.0 0.0 * 0.0 0.0 1 0.0 0.0 t 0.0

EUSINOPHILS. ý 1 .5 *. .t .S .3 1.0 2 .6 .5 2 .3

4A5OPHtLS. 4 0.0 -0 0.0 0.0 2 0.0 0.0 t 0.0 0.0 2 0.0

kONOCYTES, 4 .3 t .3 .5 L .3 .t . .S 1.3 .6

A ATYRICAL. 4 0.0 5 0.0 0.0 0. 0- 0.0 t 0.0 V.0 Z 0.0

'f1.iCLEAEU) OC. 4 0.0 2 0.0 0.0 2 0.0 0.0 2 0.0 0.0 2 0.0n

j GLUCOSE (•AST14(i), mG "4 107.8 8 6.1

SGOT, fu/L 88.8 2.16.3

j !•Pt, !'J/L 37. 0 3.9

ALK. PHOS.. IU/L 9"

!I.

C.4OLES1'ERlL. MG A ~2

eU'4qd 141.C2

ENTWICS ARE "CAN t SrANDA00, ERROR

11 Siqdfltcantly different from th& baseline lev.el (Dunahtt's multiplo comparison procadur'.11).
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TAILK 20

LA 1RLTOq DATA OF MMRATS FD CMs LI~Mmr

DOSE I0 * IN Tefn f§211U BASELINE
ITONI TRE6TMENTm NU405CO Of R4TS

1t1WK,4 4 170 4) UKIt (To 4) WK[ 13 (T, 41

EeYT4,ROCYTVS (*10 /iM 111A I Sa .19 5.60 z .6! 1 .21 6.72 1 '20

HEINZ BODIES. 0.0 L .0.0 .00 0.0 0.,0 L *h

SHEtlCUL"'Y's"E. S 3.55 & *IS .SA 1 to J I/ 1.30 .451/ 1440 1 *,t3A/

$(MQ(ALOBI, M, S. 13.6 • .4 It,. . .4.1/ I4.Q , 3 14. ± . 3

.. 3.

Q. 0.0 t.± 0.0 0.0 z.0.0

M ONOCYTES. M 82.2 1 29.9 1 L .0/ 2S. .9 NOS 1 .4
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TABLE 22

lABORATORY-DATA OF FEMALE RATS FED WC
nOr 1 IN Ffro l0.Nl QASELIP4

IT.N) QETSCTENT

N a NUMBFR OF PATS

WKl 0 (Do 4) WI 4 (To 41 1WK a IT, 41 WKl 13 (To 41

6 3
ERYTHROCYTES (XIO /MM 1 6.S 1 .16 6.2 8 *24 6.27 . .23 6.93 1 .12

HEINZ BODIES* 4 0.0 ;L 0.0 0.0 ± 0.0 0.0 • 0.q 0.0 • 0.0

RIFTICULnCYTFS. 9 3.26 . *?3 AQ. *l/ I.•2 ! .4231 1.03 ± .14!/

pIE*ATOC41IT. VOL. 4 4S.3 1 .5 S§f.N & 1.'a/ 48.5 t .oM/ *3.5 z .9

iH(MOGLOHIN. GM. A 13.8 1 .3 15.9 S A9/ 15.3 1 .3j1 1S.2 1 .31/

IOETWEMOOI;LORIN. a 0.0 t 0.0 0.0 0.0 0.0 t 0.0 0.0 - 0.0

4CV6 CUI4C MICREON ?2.% ! I.? 76.0 ± 1.3 tT.• . _.1 42.1 -

pMCNd. MICRO MICRc.3ms. 22.1 OP. 23.9 t. .40i R1 ± .5/.0 1. .2

MCEl.GM A 30.S S 9b 31.4 ~. .3 31.S .2 39.0 :t 33

.'LATELETS (XI1 /h i 8.7 ± .5 6.4 t .7.1/ 6.S .6/ . I .3t / S.

LEUA)CYTES (XI1 /MM I 16.S • ?.i 16.1 t 1.3 1S.7 t 2.0 7.1 ± ,53/

4EUTPOPHILS. A 13.0 t 3.'4 5 ,± M.9 6.S 0 1.4 1l.N : 3.5

Ly4Pr4CYTES9 '4 ~ o I.A 90.0 2 .9 0.3] t IoA AT,0 z 3.9

.BAN(OS. I 0.0 1. 0.0 0.0 ± 0ý0 0.0 t 0.0 0.) 0 0.0

E0SIOP4ILS. A .8 t .9 1.0 ' .4 .9 ± .1 1.3 . .3

t3ASAPP$1LS, % 0.0 4 .0 0.0 t. 0.0 0.0 1 0.0 0.0 1. 0.0

4OGCYTES. 0 .8 *0 .0 * .3 .8 * 1.0 * .4

ATYPICAL. 1 0.0 O.. 0.0 t 0.0 0.0 . 0.0 0.0 + 0.0

NUCLE4TED k9C* 4 0.0 • 0.0 0.0 . 0.0 0.0 ± 0.0 0.0 t 0.0

GLUCOSE (FASTING). MG A 124.8 7 7.5

5GOT* IUI/L 790.5 4 .5

SGPr, IU/L 31.0 t 1.2

ALA. PHOSo IIJ/L 41 ±

CMOLESTEQOL. 06 4 r± 6

BUM. *G % 165.9 1.3

E#NTRIES ARE MEAN • STANMARO EkRtR

I/ Significantly different from the baseline levl ((D•.anet'. mu.tiple comparison procedure 3/

b/ Significantly different from the control# at the respective time interval (DuAneatt' multiple comparison procedure,!).
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TABLE 23

IABORATORY DATA OF FEMLE RATS FED NC

DOSE 10 % YN FEEO (M.N) 9ASELtNE
SIT@N) TQEATENT

N w NUM8FI OF OATS

x 0 I3. 4) WK4 (To 41 WK 8 IT, 41 3K 13 IT* 4)4 3
ERYT4ROCYTES (X10 I )3 5.72 1 .14 6.SA 1 .28 5.90 • .34 7.30 1 .26/

'EINZ OOOIES. i 0.0 • 0.0 0.0 o 0.0 0.0 t 0.0 0.0 t 0.0

HETICULOCYTESo 1 3.4S t .?7 'q6 1 .120/ 1.27 t .1- 4 / .%4 t .164/

McmArOCQITo VOL. 4 44.0 .4 5&.0 :L 2.11' 47.5 t Ion 43.3 t .8

MEMO5O•L0N. GM. i 13.0 . .2 k/ 15.Q 0 .41/ 15.3 ± .e!/ 15.4 1 .31/

4ETHEMOGLOBIN. A 0.0 . 0.0 0.0 ± 0.0 0.0 1 0.0 0.0 1 0.0

MCV, CURIC MICRONS 78.8 ±?. k/ A2.4 0 4.? 01.3 4 •.Q S9.4 2.01'

NChd. MICRO MICROGMS. 22.8 1 .* 24.2 ± .7 26.1 . 1.11/ P1.1 ± .6

MC~MC. GM 4 29.0 ± .7k/ 29.6 L 1.2 32.2 I 1.1 I5.S .35Y
S 3

PLATELETS (X10 MO 6.5 , .6 5.3 * ? 57 .5 l5.1 S .

LEUKOCYTES (X10 /MM 1 10.2 L 1.0 22.1 ± 1.Q/ 15.q 1 1.91/ 6.0 • .7

HEUTROPHILS. A 1I.S . I1S 4.4 : 1.' 6.A ± 2.9 12.8 ± .S

LYP.0MCYTES. A 87.0 . 1.9 9*.5 1 1.31/ 93.0 ? 2A9 14.8 ± 1.3

SANOS, 4 0.0 1 0.0 0.0 1 0.0 0.0 ± 0.0 0.0 • 0.0

EOSINOI'LS. .5 .5 .3 1 .3 .3 t .3 2.3 t 1.0

PAS(ONHIL3. 1 0.0 * 0.0 0.0 1 0.0 0.0 ± 0.0 0.0 1 0.0

%04(CYTFS. 4 1.0 ± .6 .C 4 .3 0.0 ± 3.0 .3 ± .3

ATYPICAL9 4 0.0 ± 0.0 0.0 ± 0.0 0.0 0 O0e 0.0 ! 0.0
NUCLEATED RRC. A 0.0 • 0.0.0 0.0 0.0 0.0 0.0 0.0

GLUCOSF (FASTING)- 00 ib Mod• 3.6

SGOT* IU/L A6.0 d .2

SGPT, LU/L 37.3 0 8.3

ALK. PS.t05.IU/L 39 t I

CHOLESTIROL. MG b 71 . 12
OUN. MG 4 13.0 1.5

ENTRIES ARE MEAN • STANUAPD ERROR

a/ Significantly different from the baseline Ieoel (Dunnatt's multiple compariasn procedurt-/).
k/ Significantly different from the coattols at the respective time interval (Dunnett's multiple comparison procedure3/ ).
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TABLE 24

ABSOLUTE AND 1IEIATIVE ORGAN WEIGHTS OY RATS FED NC FOR 13 WEEKS

Terminal Body
2 NC Weight Absolute Orton Weight (3em)

Sax In Foed, (n Livo'r Kidneys Spleen Teste" Owarieu Brain

male 0 540±16k'- 15.2±1l.1 3.54±0.11 0.78±0.04 2.95±0.16 1.94t0.02
ioco1  420±119.'/ 11 O 3.08±0.11 0.61±0.02-c' 3.35±0.06 1.92±0.06
1 545±30 14.2±0.8 3.36±0.09 0.81±0.05 3.28±0.05 1.89T0.12
3 520±27 13.5±0.6 3.65t0.21 0.74±0.02 3.34±0.18 1.90±0.07
10 446±55/' 10.4!0.3Al ?. 80±0. 12-/ 0.64±0.019.' 3.18±0.07 1.98±0.03-

Fantle 0 306±6 8.4±0.6 2.160.-09 0.59±+0.05 0.153±0.035 1.97±0.08A
1OC 298±6 8.1±0.3 1.49+-0.24/. 0.58±0.01 0.13220.005 2.05±0.03
1 283±11 6.9±0.3 1.75±0.10 0.51±0.05 0.12720.018 1.88±0.04
3 330±l15 8.6!0.4 1.93t0.0w 0.55±0.02 0.128!0.014 2.00±0.03 ,

10 304±15 7.910.6 1.83i±0.25 0.55±0.06 0.143±0.022 2.01±0.06

Z NC Relative organ Weights (am/100 im Body 'WeigJt) -

Sex in 7'ie4 Liver Kidneys Spleen Test@s Ovaries 3rain

Male 0 2.80±0.13 0.66±0.04 0.14W±.003 0.55!0.02 0.36±0.01
lOC 2.76±0.05 0.73±0.02 0.145tu.106 0.80±0.04g. 0.4620.02S/
1 2.63±0.17 0.62±+0.04 0.151±0.013 0.61±0.03 0.35tO.04

3 2.62±0.18 0.71±0.04 0.144±0.005 0.65±0.07 0.37±0.02 .
10 2.33±0.06 0.63±0.03 0.143±0.004 0.71±0O.029.' 0.44::0.019.

Female 0 2.73±0O.20 0,71!0.03 0.194±0.016 0.051±0.012 0.64±0.03
lbC 2.72±0.06 0.50±0.089.' 0.194±0.003 0.044±0.001 0.69±0.02 .
1 2.43±0.08 0.62±0.01 0.180±0O.015 0.045±0.006 0.67±0.01
3 2.60±0.01 0.59±0.02 0.168±0.005 0.039±0.003 0.61tC.02

10 2.58±0.08 0.60x0.08 0.180±0.012 0.047±0.007 0.66±0.02f

% NC Relative Organ Weights (s'z/gum Brain Weight'
Sexc in Feed Liver .1id-neys spleen Testes Ovaries

Malo 0 7.8±0.5 1. 83±0L. 06 0.404-0.02 1. 5210.'.07

0C 6.110.3 1.61±0.07 0.32±+0.02 1.73±0.07 0.7001
c1trl 7.7nn0.t multi0. le c4omprio5 pr77oeue .1

3 Io .9±016 0390.2 .742.1

10~ 5:_0Z_ .200 .200 .100
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27

NUMERICAL DISTRIBUTION OF PALOOMZS FROM RATS FED

Treatment of Ats :40 41 42 43 a Per 100 Calls

SLymphcyte 3 b/ 2 41 1 0 C.17 ± 0.171/
Kidney 3 6 3 38 2 1 2.83 + 0.93

* Lymphocyte 3 4 4 41 1 0 0.17 + 0.17

Kidney 3 4 6 38 2 0 1.17 + 0.17

a/ Fed 10% of cotton linters.
bm ean

c/ Mean + standard error.

4 

I
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TABLE 28

MORPHOWGICAL ABERRATIO2S OF CIt0ARiS FROM RATS ID
10% OF NC M 1 13 WEnKs

Number Chromatid Bratks and Translocatione Total Aberratious

Treatment of hts G• jrn0CeLs 50Calls _Per 50 Qel 52 Cells

Cotton
Control-/

Lymphocyte 3 0.67 + 0.67ki/ 0.50 + 0.50 1.16 +0.60
Kidneys 3 1.00 + 0.58 0.0 0.0 1.0070.58

NIC

Lymphocyte 3 1.33 + 0.33 0.33 + 0.33 1.66 + 0.33
Kidneys 3 0.67 + 0.33 0.0 + 0.0 0.67 + 0.67

I

'1 Fed 107 of cotton linters.
b/ Mean + standard error.

ii
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TABLE 29

1. SERUM IzE OF RATS FED 10% OF NC
FOR 13 WEEKS

Sex Treatment IgE (IU/ml)

Male Cotton Control.!' 1,431 +23k

NC 1,713 + 316

"Female Cotton Control 2,081 + 106
WC 2,456 + 183

a/ Fed 107 of cotton linters.

b/ Mean + standard error of four rats.
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III. MICE

A. Subchronic Toxiciry and Reversibility

1. Introduction

As for the dogs and cats, these studies were performed to de-

fine the nature and extent of effects of NC on the biological system at

the biochemical aad cellular levels and to elucidate the dose-response
relationship in the mice fed NC for 13 weeks. The reversibility of any
adverse effects was also studied in mice after the feeding of NC was

discontinued for 4 weeks.

2. Material and Methods

The basic design and procedure for these experiments in mice

were similar to those described for rats i. Section II.A.2. with the
following exceptions:

a. A total of 40 male and 40 female young healthy albino swiss

mice (National Laboratory Animals, O'Fallon, Missouri) were used for this

study. They were divided Into five groups, each consisting of eight males
and eight females. The average weights of all groups were kept close.
The various groups were fed the same diets as prepared for the rats: 1,

3 or 10% of •C in feed, the powdered standard rodent chow (Wayne Labor-
atory Meal) alone as normal control, or 10% of cotton linters as cotton

control.

b. Mice were kept in a separate room of our rodent quarters.

They were housed four per plastic cage with filter tops.

Blood samples were collected by heart puncture under ether

anesthesia at termination for hematology. Clinical blood chemistry tests
in mice were not performed.

3. Results

a. General Observations and Weight Gain

Deaths occurred during the first week; more followed
rapidly. By the end of the second week, four cotton control males,

fouw cotton control females, one low dosage imale and six high dosage

males ha': died. There was no apparent cause for the death of the low

level wale; the remaining deaths were due t' intestinal impaction.
A wad of fibers was collected, usually in the distal ileum or the colon.
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Additional fibers packed to form almost entirely white pellets. Gas

frequently collected proximal to the blockage. The mice showed no un--

usual signs until they were found dead in the morning. It was 3ually
difficult to obtain useful histopathological data. Although this effect
was a purely mechanical one, not due to the toxicity of NC itself but
rather to its fibrous nature, it was possible that no or not enough
mice would be alive by the end of 13 weeka feeding. Therefore, a
number of mice from the chronic study were added to this subchronic
study. The mice used in the chronic study were from the same ship- .I
ment and identical levels of NC in the feed had been started simul-

taneously.

Total deaths included eight normal control male mice
in weeks 2, 4, 5, 9 (three mice) and 11 (two mice). In the low dosage
mice, two males died in weeks 1 and 8. In the middle dosage mice, five
males died in weeks 2 (two mice), 8, 9 and 10. In all these cases,

4 there were no deaths among the females. The greatest number of deaths
was among the high dosage mice, where 17 males died in weeks 1, 2 1
(eight mice), 3 (five mice), 4 (two mice) and 5; 14 females died in

weeks 2, 3 (four mice), 4 (two mice), 5(four mice), 8 (two mice) and
9. In the cotton control group, nine males died in weeks 1, 2 (three
"mice,: 10 (three mice), 11, and 12; 14 females died in weeks 1, 2 (three
mice), 6, 11 and 12 (eight mice).

The average body weight of the mice fed cotton linters

or various levels of NC are shown in Table 30. The other mice, non- t
survivora and surplus, had similar weights. The normal control mice

generally gained weight throughout the study; some had small weight losses
in the first few weeks of study. The bcdy weights of mice fed the low (1%)

or middle (3%) level of NC were similar to those of the normal controls.
Mice fed the high level of NC (10%) had a severe weight loss in the first
weeks. The survivors then began gaining wcight; some had come close to
normal control weight by week 13. The cotton control mine lost weight in
the first weeks, and regained a little weight in the later weeks. During
the recovery period, most mice gained weight.

b. Feed Consumption

Feed consumption of the mice fed liuters or various levels
of NC are shown in Table 31. Male mice fed the control diet consumed
an average of 4.9 gm/mouse/day, while the corresponding females averaged
4.2 gm/mouse/day. The, mice fed the low level (1%) or middle level (3%)
of NC consumed slightly more feed. Feed consumptions of mice fed 10%
of NC or cotton linters were considerably more, averaging 9.7 to 19.7 i
and 12.2 to 13.6 gm/mouse/day, respectively. As with the rats, these
data reflected the scattering of cotton fibers and feed about the cage.
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c. Blood Analysis

The hematology results from the control male mice and the

male mice fed cotton linters or various levels of NC for 13 weeks or for

13 weeks and allowed to recover for 4 weeks are summarized in Tables 32
and 33. The peripheral blood elements were not apparently altered by
NC. When compared to the normal control males, there were occasional
significant differences. The differences were slight, inconsistent and
of no toxicological significance.

The hematology results from the female mice are similarly
summarized in Tables 34 and 35. As with the males, the few significant
differences when compared with those of the normal control females were
toxicologically insignificant.

d. Organ Weihts

The organ weights of the mice fed cotton linters or various
levels of NC for 13 weeks are summarized in Table 36. The absolute and/or
relative spleen weights of mice fed 10% of NC or cotton linters were signi-
ficantly smaller than those of the normal control mice. Other differences
including liver and brain weights were not consistent.

The organ weights of the mice after feeding for 13 weeks
and allowing to recover for 4 weeks are summarized in Table 37. The dif-
ferences in spleen weights observed in mice fed 10% of NC or cotton linters
for 13 weeks were not seen in these mice when the feeding of NC or cotton

linters was discontinued for 4 weeks.

e. Gross and Microscopic Examination of Tissues

At necropay, the control mice and mice fed cotton lintets
or various levels of NC for 13 weeks were in good nutritional condition.
No gross lesions were identified in the survivors. The result of micro-
scopic examinations are summarized in Tables 38 and 39. A number of
lesions occurred in the normal control mice and mice fed 10% of NC or
cotton linters. The lesions were usually mild and included focal ul-
ceration and inflammation of the skin on the back; mononuclear cell in-
filtration and extramedullary hematopolesis in the liver; mononuclear
cell infiltration in the pancreas; chronic interstitial nephritis, peri-
vasculitis, tubular basophilia and/or mononuclear cell infiltration in
the kidney; a few lymphoid nodules In the submucos& of the urinary bladder;
focal vacuolation (probably fatty change) of the zona reticularis of the
adrenal cortex; focal tubular degeneration in one testis; and/or ex-
tramedullary hematopoiesis in the spleen. These lesions were spontaneous
and were not caused by NC. The tissue slides prepared from the mice fed
the lower levels of NC and from the recovery mice were not examined.
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4. Discussion

The male and female mice fed the low, middle or high levnls of
NC showed nco adyerse effects from the chemical nature of the NC. There
were weight losses and deaths in mice fed the high level (10%) of K -

due to its fibrous physical nature. There were similar weight losses

and similar deathb in mice fed 10% of cotton linters. Deaths were due

to the blocking of the lower part of the gastrointesti':al tract by
masses of the fibers, particularly in the regions where the water was -
removed from the chyme. Rats did not suffer from these deaths (see Part .A

II.A.3.a.). Their intestines were probably sufficiently large, re-
lative to the fiber leagth, to allow continued passage of the dewatered 1
balls of the fiber. A

Apparent feed consumption of the male mice fed the how, middle or

high levels of NC or of cotton linters averaged 4.9, 5.4, 19.2 and 13.6 gm/
mouse/day, respectively. Feed consumption of the females averaged 4.7, 5.6,

9.7, and 12.2 gm/mouse/day. As with the rats, the excessive amounts of

feed consumption for mice fed 10% of NC or cotton linters were due to
its scattering about the cage.

Feeding of cotton linters or various levels of NC for 13 weeks
did not cause any effects on peripheral blood elements or any lesions in
mice. However, 10% of NC or cotton linters in the feed decreased the
body weight, apparently due to decreased intake of nutritive values.

B. Other Studies

Mutagenic and immunologic studies were not performed in mice.

C. sumry ar

Mice fed 1 or 3% of NC in the feed for 13 weeks consumed slightly

more feed without any adverse effectp. High level (10%) of NC or cotton

linters did not cause any changes in peripheral blood elements or any

lesions. However, a number of mice died during the study due to impaction
of fibers irn their lower intestinal tract. The survivors fed these doses
lost body weight due tn insufficient nutritional intake.
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L TABLE 30

BODY WEIGHTS OF NICQ FED NC

% NC Body Weights (gin)

In Feed Initial 4 Weeks 8 Weekq 13 Weeks 17 Weeks

Male 0 30.0 j 1.7-7 28.5 k 2.8 35.3 • 1.3 35.0O 1.9
lool/ 29.3 + 1.0 27.3 ± 1.3 28.0 • 1.5 26.8 = 1.9

1 26.5 4- 2.3 27.5 L- 1.7 33.8 4 1.8 31.8 :k 1.3

3 29.0 * 0.9 30.8 * 0.6 33.0 :k 1.0 32.0 0.4,
10 29.8 * 1.7 21.3 : 1.2- 24.7 ± 2.OS/ 27.3 • 1.2-

Female 0 22.8 + 1.5 25.0 +• 0.6 28.0 :k 0.8 26.8 : 0.6
10C 22.5 * 1.3 22.3 * 0.9 24.0 :1 1.6 24.5 - 2.2

1 24.8 * 1.0 27.0 ± 0.6 29.0 ± 0.7 28.3 * 1.8
3 21.8 k 1.0 24.3 + 0.3 25.3 * 0.8 21.8 *L 1.3

10 23.8 4 1.? 17.8 * 1.1 22.0 * 1.2 21.8 * 1.1

Male 0 29.3 & 0.8 31.0 *1.3 36.5 : 1.5 36.0 + 2.2 25.3 4- 2.3

lOC 28.8 - 0.4 27.3 : 1.3 28.8 *12.5 27.8 ± 1.0d/ 32.3 ± 1.4

1 28.0-J 2.3 26.5 -+ 1.7 31.5 * 1.9 29.8 ± 1.3d/ 30.3- * 0.9

3 30.8 - 1.1 30.5 *: 1.9 34.8 * 2.0 33.3 + 1.3-4/ 36,8 + 2.3

10 25.5 1 0.3 18.7 -+ M.E 30.7 :k 031F 32.0 + n. c&-SLd/3 0 . 0 * L.0S

Female 0 23.3 - 1.1 27,5 1 1.9 27.3:L 1.3 30.5 + 9.3 27.8 ± 0.3

b10C 25.0 * 1.5 24.0 : 0.7 28.0 + 0.8 25.d0 26.0/
1 24.3 :L 1.0 24.5 + 0.3 27.3 + 0.5 28.8 :h 0.8- 27.0 - 0.9

3 23.0 * 1.3 26.3 :E 1.4 28.5 ± 0.3 24.3 * 0.6d_ 28.3 - 0.5

10 22.0 :k 0.7 20.0 * 0.4 18.3 ± 0.6 27.8 * 0.6 26.8 + 0.6

a/ Cotton control; fed 10% of cotton linters.
* b/ Mean h standard error of four mice,

c/ Three mice; one other died in week 4.
d/ NC or linters in feed discontinued thereafter.
e/ One mouse; three others died in weeks 11, 12 and 12 respectively.
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TABLE 31

AVERAGE FEED CONSUMTION (gm/nou.e/dav) OF NICE FED NC i

% NC Males
in Feed 1 - 4' 5- 8 9- 13 1- 13 14- 17S/ .J

0 4.4 4.5 5.7 4.9 5.2

10OA/ 13.4 9.7 17.7 13.6 6.9
1 4.7 5.2 4.8 4.9 5.2

3 5.1 5.6 5.7 5.4 5.9 ii
10 8.6 24.4 24.5 19.2 6.0

Females
1-4 5-_8 9- 13 1- 13 14- 17-S/

0 4.2 3.8 4.6 4.2 4.5
10C 9.1 11.1 16.4 12.2 3.9
1 4.5 4.4 5.2 4.7 4.4
3 5.5 5.1 6.3 5.6 5.2
10 6.3 10.5 12.4 9.7 4.7

a/ Cotton control; fed 10. of cotton linters.

b/ Weeks. 1
c/ Recovery period; all mice fed control feed.
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TABLE 36

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MICE FED NC FOR 13 WEEKS

Terminal ladY
% NC Weight Absolute Weight fine

133 inF04 Jau) LLMI SR1*R2 Kinl MUI XLUl

moel 0 35 0=1.9.k/ 1.6OkO.12 0.16*0.04 0.34*0.04 0.21*0.01 0.45*0.01
1A 26.8*1.9-S/ 1.13*0.S/ 0.06*0'.011 0.47*0.02 0.19*c.04 0.42*0.0.!

1 31.8*1.3 1.47*0.07 0.13*0.01 0.57*0,04 0.22*0.01 0.43*0.03
3 32.0*0.4 1.34*0.06 0.10*0.01 0.51*0.00 0.21*0.02 0.43*0.02

10 27.3*1.2cl'-/ 1.28*0.05 0.08*0.03 0.51*0.00 0.21*0.01 0.45*0.02

Female 0 26.8*0.6 1.25*0.10 0.11*0.01 0.39*0.03 0.17j.0.01 0.44j,0.00
boC 24.5*2.2 1.27*0.13 0.13*0.02 0.38&0.03 0.15*0.01 0.4160.02

1 28.3,1.8 1.35*0.05 0.08*0.01 S/ 0.41*0.01 0.161&0.01 0.45*0.01
3 21.8,1.3 0.94*0.05 0.05*0.011 0.36*0.02 0.16:0.02 0 ~0

10 21.8*1.1 1.04*0.07 O.O6 *kO.OlS1 0.34*0._.00 0. 17*0o.01 03.0OS

7. NC Relative green Wfaight (am/IR00a kad wggt_____

Male 0 4.6*0.2 0.45*0.08 .!-5,kO,.OS 0.61*0.0'. 1.31*0.06

4.6*0.1 0.41:E0.05 !I v4 0. 0.68&0.05 1.35*0.07
3 4.2*0.2 0.32-0.04 1 0.65*0.06 1.34*0.05 c

lo/ 4.7*0.? 0.29-0.1. f 1 464*0.09 0. 77*0o.02 1.63*0.01-

Faemle 0 4.7*0.5 0.43*0.05 1,44*0.11 0.64*0.04 1.66*0.04
boC 5.2*0.1 0.53*0.10 1.54*0.05 0.64*0.05 1. 7 1*0.11

1 4.7*0.2 0.29*0.02 1.4640.06 0.56.*0.04 1.60*0.10
3 4.U-0.3 0.23*0.03 1.67*0.06 0.76.*0.08 1.98*0.10

10 4.8*0.2 0.29*0.03 1.598*0.08 0.79*0.05 1.8240.12

7. NC Relative Green Weighl (n-i/zm brain velaht)
LOX in Fee Liver SpeeidneysISI

male 0 3.5-~0.2 0.35*0.08 1. 10A.008 0..47-,0.02
boc 2.7*0.3 0. 1"-0.01o' 1.14;0.01 .t06

1 3.4*0.1 0. 3% 0. 03 1.36*0.13 0.51&0.03
3 3.2*0.2 0.24*0.03 1.19*0.04 0.49*0.02

lo.4/ 2.9* V. 1 0.1 (it0. 04 - 1.14*0.06 0.47*0.01

Female 0 2. 81,0. 2 0.26*0.03 0.87*0.06 0.38*00,12
lOC 3.1+0.3 0.32*0.06 0.91~0.u7 0.1ý5*0.01

1 3.0*0.1 0.18*0.02 0.91*0.04 0.35*0.01
3 2.40.1 0.12*0.02.~ 0.85&0.04 0.34*0.04

t0 2.7*0.2 0.16.*0.Oi 0.88*0.02 0.4U3*.02

ifCotton control; fed 10%. of cotton '-Unters.

b/ Mean + standard error of four nice.

!/ Sign~ifantly different from controls (Du~nnett's imultiple comparisen procedursd').
AlMean + standard error ofthree surviving mice.
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TABLE 37

ABSOLUTE AND ILATIVE ORGAN WEIG S OF ,KICK FE FOR 13 WErS
AMN ALUXID TO RECOVER FOR 4 WHY

Terminal soft
I PC Weight a.Ablute We.-ht (CM)

Sex AiJ ste (a) LiVer W ert Rag

Male 0 35.3t2.3k/ 1.61±0.02 0.16*3.03 0.6710.05 0.28*0.02 0.48,0.00
lOCr/ 32.3*1.4 1.4810.11 0.1010.01 0.6"t0.05 0.23±0.01 0. 500.01

1 30.310.9 1.3400.07 0.1410.00 0.61±0.01 0.2010.01 0.65±0.01
3 36.W3. 1.70±0.08 0.20±0.02 0.67±0.02 0.25±0.03 0.4720.0310 30.021.0€! 1. e0t0. 10 O. 10*0,0 O 0 . 6519.0Ok 0.2319.01 0.5010.01 "•

SFowals 0 27.8.} 1.2919.10 0.12±90.02 0.02 019±0.02 0.50±0.03
10C 26.0 1.23 0.07 0.43 0.19 0.46

1 27.019.9 1.22*0.05 0.11±0.01 0.41*0.02 0.16.±0.01 0.5110.02

3 28.3t0.5 1.4320.06 C,. 1220.02 0.46±0.04 0.21*0.03 0.4W90.03
10 26.80.6 1.25t0.06 0.10±0.01 0.45±0.00 0.199.002 o.0 o.o.01

2 tic Reletive Orman Weisht (=/100 ma Wody Weitht)
Sax iee lowive SPleen MOeat&rt Brain

1s0e 0 4.619.0 0.42±0.07 1.90±0.07 0.81±0.11 ".3610.09
lX 4.610.2 O.31*0.03 2.05±0.08 0.73±0.06 1.55±0.07
I 4.4±0.1 0.47-10.02 2.0110.02 0.6710.06 1.4910.06
3 4.710.2 0.53UM.05 1.84±0.12 0.69±0.07 1.29±0.05 - -

10~/ 4.7±0.2 0. 34±0.02 2.17±0.15 0.83±+0.05 1.6620.06S/

Female 0 4.710.3 O.44,0.07 1.65±0.05 3.69±0.07 1.80±0.12
LOGSI 4.7 0.33 1.64 0.73 1.86
1 4.5±0.2 0.3910.03 1.53±0.07 0.59±0.03 1.3810.02
3 $.1±0.2 0.4"±0.06 1.64±0.13 0.7410.10 1.74±0.11

10 4.7±0.2 0.35*0.03 1.67±0.05 0.73M0.08 1.73*0.06

I NC Relative Orsan Weight (mx/Ira Body weight)
S.x in Foed Liver Solieen Kidne_ Heart

Male 0 3.4±0.0 0.33±*0.05 1.41±0.09 0.59±0.05
10C 3.0±-0.2 0.20%0.02 1.33.+0.08 0.4710.03

1 3.0+0.2 0.31*0.01 1.35A)0.04 0.45±0.03
3 3.6±0.1 0.41±0.03 1.42±0.05 0.5310.04

10V/ 2.8-+0.2 0.20±-0.02 1.31+-0.05 0.50±0.02

Feomle 0 2.610.3 0.25±0.04 0.93.0..05 0.39±0.03
l0c-/ 2.6 0.18 0.88 0.39

1 2.4±0.1 0.21*0.02 0.82±0.04 0.31±0.02
3 2.9±0.1 0.25*0.03 0.94±0.04 0.43±0.04

10 2.7±0.1 0.21*0.01 0.97±0.02 0.42±0.04

a/ Cotton control; fed 101% of cotton linters.
;/ Mean + stAedard error of four mice.
c/ Signtificantly different from controls (zunmett's multiple comprison procedure'/).
d/ •han+ standard error of three surviving mice.
el One survtving mouse.
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IV. ABSORPTION

A. Introduction

As part of our subchronic toxicity study, we studied the absorp-

tion of nitrocellulose in the rat. 1 4 C-Labeled nitrocellulose was given
orally to see if it was absorbed and how rats handled the compound.

B. Methodoloxy

1. Radiolabeled nitrocellulose: Th 4C-labeled nitrocellulose
was prepared from cotton which was grown in the presence of D-glucose-

UL-1 4 C arid furnished by Dr. C. R. Benedict of Texas A & M University,
College Station, Texas. The 1 4 C-cotton was nitrated by standard procedures.- 1O/

The 1 C-nitrocellulose was assayed for its nitrogen contentl/ and found
to contain 12.9% nitrogen by weight, identical to the average value of

that used in the nitrocellulose toxicity studies above.

2. Preparation of 1 4 C-nitrocellulose for oral dosing: The

14C-nitrocellulose dose was prepared by cutting the fiber, with scissors

and grinding an aqueous suspension in a mortar and pestle. The dose was
concentrated by sedimentation and only fibers small enough to go through

an 18-gauge dosing needle were used. For the initial experiment the dose

was suspended in distilled water. For a second experiment the dose was

suspended in 0.2% methyl cellulose-0.4% Tween 80 (MC-TW80), to obtain a
better suspension.

3. Experimental procedure: To Charles River CD®male rats weighing

715 and 607 gm were used for this study. Each rat was fasted overnight

before being given 1 ml/100 gm (about 20,000 dpm/ml) of either the aqueous

or MC-TW80 suspension orally. After dosing, each rat was placed immediately
in a "Roth-Delmar" metabolism chamber. The chamber was vented continuously

with CO2 -free air at a rate of 250 ml/min. Expired CO2 was collected by

passing the air through three absorption columns connected in series. Each

column contained 100 ml of 5% NaOH. Feces and urine were collected sepa-

rately in the apparatus. To "nsure that sufficient radioactivity was

administered, the dosing was repeated daily for 4 days. Twenty-four hours
after the last dose, the rat was anesthetized with ether and aortic blood

IA collected in a heparinized syringe. Liver, spleen, kidneys, brain, lungs

and thigh muscle were removed, weighed, and representative samples taken
for analysis of radioactivity. The stomach, small intestine, cecum and

large intestine were removed and weighed. These sections and the feces
were homogenized in water and representative samples assayed for radioactivity.
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4. Radioactive assays: Aliquots of whole blood and tissue
samples %ere digeited in 2N NaOH. Blood samples were decolorized by
dropwikie addition of hydrogen peroxide. Samples of tissue digests were
neutralized with Beckman BBS-2, solubill.zed in Beckman BBS-3, and counted
in a toiuene-PFO-dimethlyl POPOP cocktail using a Packard Tricarb 3375
liquid scintillation spectrometer. Samples of plasma, urine, and 14C_

nitrocellulvse were solubilized directly in BBS-3 and counted. 14

saiples from the air traps were spotted on filter paper, dried, and counted.
All data were corrected ior background and quenching.

C. Results and Conclusions

The result afcer repeated oral doses of radiolabeled nitro-
cellulose is sumarized in Table 40. No detectable radioactivity was
found in any tissue or body fluid. Radioactivity was recovered only in .
the various components of the gastrointestinal tract plus contents and

in the feces. From these results, we can conclude that the nitrocellulose
molecule is not absorbed by the rat.

61
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TABLE 40

DISTRIBUTIOF• AND EXCRETION OF RADIQOCTIVITY AFTER
ORAL ADMINISTRATION OF 14 C-NITROCELLULOSE

7

13 rtotal dpm Recovered

Pat No. Ia/ Rat No. 2k/

Gastrointestinal Tract
Plus Contents

Stomach 169,575 6,867
Small intestine 4,979 0
Cecum 60,735 0

Large intestine 3,222 0

Feces 168,579 488,720

Expired Air 0 0

Blood 0 0

Urine 0 0

Liver 0 0

Spleen 0 0

Kidneys 0 1)

Lungs 0 0

Muscle 0 0

14

a/ Rat No. 1 received the C-nitrocellulose as an
aqueous suspension.

b/ Rat No. 2 received the 1 4C-nitrocellulose as a
suspension in 0.2% methylcellulose - 0.4% Tween 80.
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STr V. GENERAL SUMMARY AND CONCLUSIONS

A. Summary and Conclusions

There is no evidence that nitrocellu~ose is a "toxic chemical."
The only effects seen (increased feed consumption, decreased weight gain,
intestinal impaction) were also seen in animals fed a similar concentra-

* tion of cotton linters, the material which is nitrated to form NC. Since
dogs, rats and mice, like humans, cannot digest cellulose, the NC and
linters passed straight through the gastrointestinal tract, as confirmed
in the absorption study. The fibrous nature of the NC and linters produced
the observed effect of impaction in the relatively small intestine of
mice; the feed and weight effects were due to non-nutritive bulk of the
fibers.

B. Additional Research

Although no effects were seen in these subchronic feeding studies,
it is possible that the lifetime feeding of these fibers may have some ad-
verse effects. Possible mechanisms include contiau&l irritation, predis-

. posing to tumors, and possible denitrification of the NC by intestinal
bacteria, followed by absorption of the nitrate and potential toxicity from
"it or reaction products, such as nitrosamines. Nitrocellulose should be
given a chronic toxicity study before the subject of toxicity is dismissed.
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HEIATOLOGY CITNICAL lABORATORY TESTS, HISTOPATHOLOGY,
STATISTICAL AJIALYSIS, AND NORMAL VALUES

1. HEATOLOGY AM CLINICAL LABORATORY TESTS

The usual blood sample from dogs is 8 ml, from monkeys 4 ml, and

from rats 0.3 ml for hematiogy and about 8 ml for full analysis at termin-
"ation.

A. Hematology

The followin°, hematological analyses are performed on all blood

samples from rats, dogs and mcnkeys.

"1. Erythrocyte and leukocyte counts: A Coulter Electronic

Particle Counter with 100 p aperture is used.l' Particle-free diluents
(Isoton for RBC, Zap-Oglobin in Isoton for WEC, Coulter Electronics, Inc.)

are counted to establish the background. Each blood sample is counted in

duplicate. For each test day, two control blood samples (Diagnostic
Technology, Inc.) are counted separately in duplicate.

2. Hematocrit: Hematocrit is determined in capillary tubes
using a microcapillary centrifuge (International Equipment Company, Model

MB). Two control blood samples (Diagnostic Technology, Inc.) are measured

separately In duplicate.

3. Hemoglobin: Hemoglobin is measured as cyanomethemoglobin.2!

Each blood sample is measured in duplicate. Cyanomethemoglobin (Coulter
Electronics, Inc.) is used as the standard. For each assay, two levels of

the standard are used and two control blood samples (Diagnostic Technology,

1. Inc.) are measured in duplicate.

4. Methemoglobin (Met-Hb): Met-Hb is measured by the method of

Dubowski.-3 A positive control is made by adding potassium ferricyanide

to control blood.

5. Heinz bodies: Heinz bodies are stained with methyl violet and
the percent of Heinz bodies is calculated.

V 6. Mean corpuscular volume (MCV): MCV is calculated as follows:

3MCV (3) Hematocrit x 10
Erythrocytes in millions/mm3

i 1.



7. Mean corpuscular hemoalobin (MCHb): HCHb Is calculated as
follows:

MCHb (M•S) - Hemoglobin (am %) x 10
Erythrocytes in aillions/um3

8. Mean corpuscular hemoslobin concentration (MCIMC): MCHbC

is calculated as follows:

MHbC (g m) = Hemoglobin (am %) x 100
Hemstocrit

9. Differential leukocyte countp: Wright's stain is used to
stain the leukocytes for examination.

10. Reticulocyte count: Reticulocytes are counted by the methy-
lene blue method using the Miller disc.A-

11. Platelet count: A Coulter Electronic Particle Counter with
70 g aperture is tsed..--/ Particle-free Isoton is used as diluent and
counted to establish the background. At weekly intervals, platelets are
also visually counted in a hemocytometer with a phase microscope for
comparison.6/

12. Clotting time (dog and monkey): Clotting time is deteL."ined

by the capillary tube procedure using two capillary tubes.-/ The time
elapsed from the appearance of the blood from the animal and coagulation
in either tube is measured.

B. Clinical Blood Tests

The following clinical blood chemistry tests are performed on
all blood samples from dogs and monkeys and on blood samples from rats
at termination.

1. Blood glucose: Fasting blood glucose is determined by Stein's
hexokinase method.!/ Standard glucose solution (Dade) is used to establish
a standard curve. For each assay, one level of the standard and two con-
trols (Reference Serum, Worthington; and Validate, General Diagnostics) are
measured.

2. Serum glutamic-oxaloacetic transaminase (SGOT): SGOT is
measured by the method of AMador and Wacker..!/ Validate and Reference
Serum are used as the enzyme reference for each assay.

2
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3. Serum alutamic-pyruvic transaminase (SGPT): SGPT is measured
by the method of Henry et al.L-f Validate and Reference Serum are used an

the enzyme reference for each assay.

4. Alkaline phosphatase: Alkaline phosphatase is measured by

the method of Bowers and McComb.11/ Validate and Reference Serum are used
as the enayme reference for each assay.

5. BUN: BUN is measured using the BUN Strate Kit (General Diag-
nostic) which is based on the urease method.-!2/ Three levels of Calibrate

(General Diagnostics) are used to establish a standard curve. For each

assay, two controls (Calibrate I and Validate) are used as the reference.

6. Creatinine: Creatinine is measured by a modified kinetic
alkaline picrate procedure.Ll/ Creatinine Standard Solutions (Sigma Chemi-

cal Company) are used to establish a standard curve. For each assay, two

levels of the standard and two controls (Calibrate I and Validate) are
used as reference.

7. Lactate dehydrogenase (LDH): LDH is measured by the method

of Wacker et al.141 Precinorm E and Precipath E (Boehringer, Mannheim
Corporation) are used as the enzyme controls for each assay.

8. a-Hydroxybutyrate dehvdrogejase (a-HBDH): C HBDH is measured
by the method of Rosalki and Wilkins-n.-3I Precinorm E and Precipath E are
used as the enzyme controls for each assay.

9. Craatine phosphokinase (CPK): CPK measured by the improved
procedure of RosalkiL_/ based on the methods of Oliver,17/ Precinorm E and
Precipath E are used as the enzyme controls for each assay.

* •C. Urinalysis

Urine samples are collected from animals before and during treat-
-. ment as are the blood samples. The urine from rats is collected by slight

manipulation of their body, and samples within each group are Pooled. The

monkeys and dogs are placed individually in metabolism cages, and urine is

*0 collected in the stainless steel pan. The urine from each dog and the pooled
urine from rats are tested and examined for the following:

1. Protein: Urinary protein is determined with Labstix (Ames

Company, Elkhart, Indiana).

2. Sugar: Urinary glucose and reducing substance are determined
with Labstix (Ames Company).

3



3." Microscopic examination: Urine samples are centrifuged and
the supernatant discarded. The residue is resuspended and examined micro-

scapically for the presence of erythrocytes, leukocytes, epithelial cells,

and crystals under high power fiel' and for casts under lc- power field.

A positive urine control prepared with known amodnts of pidtein
and glucose ii saline adjusted to pH 6.0 is run with each assay to'check

the reliability of the Labstix.

D. Occult Blood'in Feces

Fecal. samaples are collected from animals before and during

treatment as are the blood and urine samples. Occult blood in the feces
is de:ermined with Hematest Reagent Tablets (Ames Company, ElkhArt, .Indiana).

A pos.Ltive control (whole blood) and a negative control (distilled water)
arp included with each Pssay to check the reliability of th6 Hematest
tablets.

E. Precision of Hem Itology and Clinical Flood Chemistry Tests

1. Rep. roducibilt

For erythrccyte and leukocyte counts, hematocrit, hemoglobin, and

the various clinical blood chemistry tepts, the same control blood samples
or centrol standards are used for day-to-day assays. The replication of

results are excellent and are suwaarized in Table A.

The determbnytion of differential 1eukocyte counts and reticulocyte
v:ounts are performed by experienced personnel. At weekly intervals, a blood

k•ample is counted by two or more personnel to confirm the accuracy of the

iting. Also at weekly Intervals, the platelet counts obtained )m.a

Ccilter Electronic Particle Counter are compared with the direct il

counts in a hemocytometer using a phase microscope.

2. Reproducibility Within a Test Day

At monthly intervals, a blood sample is taken from a control dog

and six or more determinations for erythrocyte, leukocyte, reticulocyte,
and plapelet counts, hemoglobin, and various clinical blood chemistry tests

E.re performed to establish the reproducibility withinan assay. The results

aze summarized in Table B.

4 
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3. P-oficiency Test Service

We subscribe to the Proficiency Test Service of the Institute

for Clinical Science, Hahnemann Medical College, Philadelphia, Pennsylvania
(F. Wm. Sunderman, M.D., Director). On the first day of each month, this
service sends two samples containing :wo different sera or solutions to all
"subscribers for measurements of one or more of the parameters usually analyzed
in clinical laboratories. Participants report their results on a form fur-
nished by the service. On the 15th day of the month, each parti ipant re-
ceives a report from the secvice which includes: the results of a statistical
analysis of the values reported by all the participating laboratories; a
current review of pertinent methodology; a comprehensive bibliography; and
"validation of the results which the participating laboratory reported. This
service enables each participating laboratory to obtain an unbiased and criti-
cal assessment of its proficienc; in relation to that of 1,000 or so other
clinical laboratories throughout the country. The service has been in con-
tinuous operation since 1949 and was given endorsement by the American Society
of Clinical Pathologists in 1952 and by the Association of Clinical Scientists
"in 1957 and 1968. Our results have been found to be satisfactory and are
summarized in Table C.

II. HISTOPATHOLOGY

A. Necropsy and Gross Examination

At termination or prior to imminent death, rats are killed with

ether, and dogs and monkeys with an overdose of sodium pentobarbital. Animals

that die on tests are.kept refrigerated but not frozen until r~cropsy. The

general physical condition and nutritional status of each animal at the time

of death or termination are observed and recorded. Necropsy is performed as

soon as possible after death. Gross changes of all tissues are carefully

examined and recorded.

B. Organ Weights

The brain, li, 4er, spleen, kfdneys, adrenals, thyroids and gonads
are trimmed free from surrounding tissues and weighea. The organ weight tobody weight and/or brain weight ratios are then calculated.

5



C. Tissues for Microscopic Examination

Tissues to be examined include the eye, s&in %jeast), trachea,
lung, tongue (except rat), sal'vary gland, liver, gallbladder (except rats),
pancreas, esophagus, fundic and pyloric stomach, duodenum, jejunum, ileum,
cecum, colon, kidneys, urinary bladder, gonads, and accessory organs,
diaphragm and gracilis muscle, anterior pituitary, thyroids/parathyroids,
adrenals, tonsil (except rat), thymus, spleen, prescapular (except rats)
and mesenteric lymph nodes, rib bone with bone marrow, brain (sagittal
section for rats; coronal sections of cerebral cortex, cerebellum, and
brain stem for dog and monkey), spinal cord (lumbosacral plexus, dog and
monkey), sciatic nerve and any other structures not mentioned which show
abnormal gross changes.

D. Fixation and Staining of Tissues

All tissues are cut not to exceed 1 cm in thickness for fixation.
For most tissues, neutral luffered 10% formalin is used. Sufficient volume
of fixing solution is used .r-J the tissues are changed to a fresh solution
after 24 hours. The fixed tissues are processed in an Autotechnicon for
dehydration, clearing, and infiltration and then embedded in paraffin.
Routine H & E staining is used to stain the sectioned tissues for micro-
scopic examination.

Supplementary tissue fixatives and staining techniques may be

employed for more positive identification of special lesions such as calci-
fication, pigments, fat deposition and other abnormal changes.

III. STATISTICAL ANALYSIS

Data are analyzed statistically using the Dunnett's multiple com-
parison procedure following an analysis of variance,l-8/ or our modification
of this procedure for uneven numbers among groups. The chosen criterion
significance is p < 0.05. The means of each group at various intervals
during treatment are compared with pretreatment levels. For most experi-
ments in-beagles, three baseline (pretreatment) levels are obtained. The
baseline levels for each animal are averaged and the mean is used in the
analysis. In addition, the means of the various treated groups are compared
with that of the control group at the respective time intervals.

6
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IV. NORMAL VALUES

A. Hematology, Clinical Laboratory Tests and Bone Marrow

Since June 1971, we have used about 180 rhesus monkeys (Woodard
Research Corporation, Herndon, Virginia, Primate Imports, Port Washington,
New York, and PrimeLabs, Inc., Farmningdale, New Jersey) for various studies.
The peripheral blood elements and clinical blood chemistry values of these
monkeys before treatment and the myeloidferythroid (M/E) ratio of the bone
marrow of the monkeys used as normal controls varied among individual ani-
mals. The mean ±f S.D. and the range of the various parameters for the males
and females are summarized in Tables D and E, respectively.

Since September 1971, we have used about 525, 5 to 9 months old,
beagles dogs (AKC registered, Hazelton Research Animals, Inc.). The periph-
eral blood elements, clinical blood chemistry values and the M/E ratio of
the bone marrow varied considerably among individual dogs. The mean + S.D.
and the ranges of the various parameters f or the males and females ate
summarized in Tables H and 1, respectively.

During the same period, we have used about 500, 7 to 10 weeks old,
male albino rats (CDO®Strain, Charles River Breeding Laboratories). As
for the dogs, the individual variations of the peripheral blood Elements,
clinical blood chemistry values~ and the M/E ratio of the bone marrow were
large. The mean t S.D. and the ranges of the various parameters for these
male rats are summarized in Thble L.

B. Absolute and Relative Organ Weights~

Organ weights, both absolute and relative to body weight, of
rhesus monkeys, beagle dogs, and albino rats are summarized in Tables F
and G, J and K, and M, respectively. These were control animals used be-

* tween June 1971 and December 1976.

C. Presence of Various Substances in the Urine

Various s-ibstances occasionally occurred in the urine of monkeys,
dogs and rats. The results are summnarized in Table N. Large percentage of
urine samples from monkeys contained epithelial cells, i.e., 34.7% to 52.0%.
Other substances occurred in 8.1% or less of the urine samples.

In dogs, protein, erythrocytes, leukocytes and epithelial cells
were present in 19.1 to 21.6%, 16.5 to 19.8%, 2?.6 to 24.6% or 24.7 to 25.7%,
respectively, of the samples from dogs collected for analysis. Glucose,

7
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crystals, and casta occurred in less than 2% of these samples. Some dogs
had been bled and returned to the metabolism cages before the urine was
removed for analysis. The high incidence of some of these substances in
the urine of these dogs might be due to contamination with the fecal material 1
and traces of blood dropped in the cage. Special care to avoid contamination
has been undertaken.

In rats, large percentage of urine samples contained protein, i.e.,
29.8 to 36.0%. A few samples contained erythrocytes, leukocytes, epithelial
cells and crystals.

D. Occult Blood in the Feces

Less than 10% of the feces samples from monkeys or dogs was positive
with the Hematest for occult blood. The results are summarized in Table 0.
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TABLE A

REPRODUCIBILITY AMONG TTST DAYS ON THE
SAME CONTROL SAUPLES OR STANDARDSa'

No. of
Decerminatiotus Mean f S.D. Range

Erythrocytes (x 10/mm3 )

Normal level 20 4.51 ± 0.07 4.36 - 4.67
Abnormal level 20 2.32 * 0.04 2.25 - 2.40

Hematocrit (vol %)
Normal level 20 44.3 * 0.40 44 - 45
Abnormal level 20 22.8 0.60 22 - 24

Hemoglobin (gmn %)

Normal level 20 i14.2 ± 0.20 13.6 - 14.5
Abnormal level 20 7.4 ± 0.20 6.9 - 7.8

T.2ukocyte Counts (x 10 3 !mm3 )

Normal level 20 7.3 ± 0.50 6.8 - 8.7
Abnormal level 20 17.6 ± 0.80 16.3 - 18.7

Fasting Blood Glucose (mg %) 20 163.0 + 7.5 151 - 178
SGOT (IU/i) 23 61.7 + 3.9 55 - 68
sGPr (IU/1) 23 51.3 ± 2.6 46 - 55
Creatinine (mg %) 18 2.2 ± 0.3 1.6 - 2.6
BUN (mag %) 19 9.8 ± 0.2 9.5 - 10.2
Bilirubin (mg %) 11 0.8 + 0.1 0.8 - 1.0
Alkaline Phosphatase (IU/i) 22 71.6 + 5.4 62 - 80
CPK 11 153.0 ± 7.7 139 - 161
LDH 8 98.0 ±2.4 95 - 101
HBDH 8 226.0 ± 7.2 214 - 238

a/ Performed in December 1976.

"10

i..



TAILE B

REPRODUCIBILITY WITHIN A TEST DAY
ON THE SAME SPECDMM/

Ub/

Mean *S.D.- R z

4. Erythrocytes (x 106/mm3 ) 5.90 ± 0.14 5.73 - 6.08
Reticulocytes (%) 0.63 ± 0.12 0.44 - 0.79
Hematocrit (vol %) 46.8 ± 0.6 45.0 - 47.5

"Hemoglobin (gin %) 16.1 * 0.2 15.8 - 16.1
Platelets (x 105/mm3) 1.56 ± 0.07 1.49 - 1.66
Leukocytes (x 10 3 /mm3 ) 10.8 ± 0.4 10.2 - 11.3

"Bands (Z) 0 0 0 - 0
Neutrophils (%) 64.3 * 3.1 61 - 69
Lymphocytes (%) 29.0 ± 4.9 23 - 35
"Eosinophils (%) 3.2 t 0.8 2 - 4

Basophils (%) 0 0 0 - 0
Monocytes (%) 3.4 _ 0.9 3 - 5
"Atypical (0) 0 0 - 0

_. Nucleated RBC (%) 0 0 0- 0
Methemoglobin (gin %) 0 t 0 0 - 0
"Fasting Glucose (mg %) 96.7 + 3.0 32 - 101

SGOT (IU/P) 23.2 * 2.8 21 - 28
SGPT (IU/e) 25.3 + 2.1 24 - 28

Creatinine (mg %) 0.6 ± 0.1 0.5 - 0.6
BUN (mg %) 9.0 ±0.0 9 - 9
Alkaline Phosphatase (IU/f) 63.5 ± 1.1 62 - 65

" CPK 44.0 * 1.6 43 - 46

LDH 38.5 ± 1.6 37 - 40
HBDH 42.0 ± 1.6 40 - 43

a/ Performed in October 1976ý
b/ Six determinations from an adult beagle blood sample.
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TABLE C

PROFICIENCY TEST SERVICE (PTS) REPORTS-(1975-1976)a/

Participating

Laboratories
MRI PTS (10-90 PercentllesY Acceptable

Unknowns Results Results Median Mean Performancekb/

Hemoglobin 13.8 gm % 13.8 13.8 13.8 13.6 - 14.0
18.1 gm % 17.9 17.9 17.8 17.6 - 18.2

Serum Protein 6.6 mg % 7.1 7.0 7.0 6.7 - 7.3

Fasting Glucose 272.0 mgg % 264.5 266.0 263.0 240 - 290
229.0 mg % 221.4 220.5 222.5 200 - 240

BUN 12.1 mg % 12.0 12.0 12.2 11.0 - 13.0
38.4 mg % 40.1 40.3 39.2 36.0 - 44.0

Creatinine 1.0 mg % 1.0 1.0 1.0 0.8 - 1.3
4.3 mg % 4.4 4,5 4.4 3.9 - 4.9

Bilirubin 3.9 mg % 4.16 4.15 4.14 3.5 4.6
1.3 mg % 1.78 1.80 1.77 1.5 - 2.1

Cholesterol 175.0 mg % 161.4 161.0 162.0 145 - 175
100.0 mg % 109.8 109.4 111.0 98 - 120

Ca 15.7 meq/i 15.4 15.4 15.3 14.1 - 16.4
9.5 meq/l 9.8 9.8 9.8 9.2 - 10.3

Na 156.0 meq/1 155.8 156.0 155.5 153 - 158

K 7.3 meq/f 7.5 7.5 7.5 7.3 - 7.7

Cl 96.0 meq/i 97.8 98.0 M7.5 96 - 101
78.0 meq/i 79.4 79.0 80.0 77 - 83

Mg 1.0 meq/i 1.1 1.1 1.2 0.9 - 1.4
1.9 meq/k 2.0 2.0 2.1 1.8 - 2.3

a/ To date, we have received unknowns for phosphorus, uric acid, and serum
iron. We do not routinely perform these determinations.

b/ Based on values submitted by participants by 10th of month.
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TABLE F

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE RHESUS MONKEYs--t'

Absolute
Organ WoighWt. Mean i S.D. Rang.

- Liver (gui) 82 ± 17 64 - 122
Spleen (gui) 4.6 ± 1.8 2.0 - 9.3
Kidneys (gm) 15.1 ± 3.8 8.0 - 22.0

l Adrenals (gin) 0.73 ± 0.15 0.45 - 0.86
Thyroids (gm) 0.57 ± 1.30 0.37 - 0.81
Testes (gin) 1.29 ± 0.67 0.53 - 3.30

Uk

Relative (per ka body weight)
Mean ± S.D. Range

Liver (gmi) 23.4 ± 2.5 18.8 - 30.4

Spleen (gmi) 1.25 ± 0.47 0.57 - 2.38
"Kidneys (gin) 4.13 ± 0.92 2.20 - 6.43

_. Adrenals (rag) 201 ± 44 129 - 254
Thyroids (rag) 154 ± 42 86 - 250
"Testes (gui) 0.34 ± 0.11 0.18 - 0.53

a/ Data collected between September 1971 and December 1976 from 17
"monkeys weighiag 3.71 - 0.48 kg, used as control animals.
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TABLE G '

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF FUKALE RHESUS MONKEYS/"

Absolute

Organ Weight Mean ± S.D. RMS

Liver (gin) 83 ±17 64 - 122
Spleen (gin) 3.8 - 1.4 2.0 - 6.0

Kidneys (gm) 14.5 2.8 11.0 - 20.0
Adrenals (gin) 0.68 ± 0.16 0.53 - 1.14
Thyroids (gin) 0.60 - 0.20 0.37 - 1.11
Ovaries (gin) 0.28 ± 0.10 0.14 - 0.45

Relative (per kg body weight)
Mean ± S.D. Range

Liver (gin) 25.4 ± 5.8 19.2 - 37.4

Spleen (gin) 1.16 ± 0.49 0.60 - 1.89
Kidneys (gin) 4.40 ± 0.86 3.20 - 6.25

Adrenals (mg) 212 ± 80 138 - 438

Thyroids (mg) 173 ± 66 97 - 346
Ovaries (mg) 82 ± 28 43 - 140

a/ Data collected between September 1971 and December 1976 from 11

maonkeys weighing 3.39 + 0.58 kg, uset. as controls.

16

• 16

St



JII ;:. In:7
4 8 ;rt 0 -4 0'--4 *l m *Qme

r- 00 -

Go

M r-4 4r--n- MMC -40 00r--r r- r- P-4r M '

E-4 c4-A 4 .

00~

(uqV

>1f 0.

rI 0

Zr -. -T 11~0 ~- -- ' N 00ca

on NLJ

C4 CN C4 C N0 C4C 4NJ 04 C-4 C20. C4. H CN C

U0O~~4J JO O OO.0~U0 ~ 0 ~.r 4  
wV

OH H -cW ý-0 .40 .. I J0H

~O H '- H 4.~ 00.C O'''-vI (
00'- () )r4 2 ).4H ~

w. 0) P1r4 0) OL)QV0 4 S.-4(v 4 OR H -r 4J H v 0)

4J ;ýs .) 00 o 4 4 "4r- r4 4 -4 P417



&nIf & 0 -to D- n
.. 00 . .*0% * 00 -

AJ'-P44M 94 qr
0

fn 4 k tO"4*.1 M OY ChM -4 *c O C4

00+1 +1 +1 +1+1 +1+1 +1+1 +1+1 +1 +1 +1 +1+1 +1 +1+1 +1+1 +1 +1 +1

n C* 'C4C%* I *Z * *4 9 6 '!

+* +1 +1 +1 +1+1 + 1 + 1+ 1 + 1+1 +1 +1 +1 +1 +1+1 +1+1 +1 +I +1 +1

00

00

00

0.0

V.-4

04 04

4j.
0 0 V)

KC ap- %n 0U0&
o- C -4 0-44 %v- U1

41 0 ý4%.

""QJ4 'J0 000. '4 cta ,oI 0 t %
>%AUV4 bcb t 0 XI 104 .H C4 c"80 40 0 0 j 0 l t

r-4 ~ ~ ~ ~ -ti e -W4 9 -



I,

TABLE J

ABSOLUTE AND RELATIVE ORGAN WEIGHTS CF MALE MOAGLE DOGS. !

Absolu".e

"Organ Weight .Mean - S.D. Range

SLiver (gm) 264 -± 51 166 - 384

Spleen (gm) 58 ± 25 22 - 167

Kidneys (gm) 53 ± 10 32 - 71

Adrenals (gm) 1.12 ± 0.26 0.74 - 1.75

Thyroids (gmi) 1.03 ± 0.32 0.55 M5

Testes (gm) 6.60 ± 4.56 1.32 - 18.00

Relative (eer kg body weight)

Mean ± S.D. Ra!Me

Liver (gm.) 27.9 - 4.2 19.6 - 42.3

Spleen (gm) 5.0 - 2.0 2.8 - 12.5

Kidneys (gin) 5.6 ± 0.8 4.0 - 7.7

Adrenals (mg) 117 ± 25 70 - 165

Thyreids (a,-) 108 ± 34 56 - 211

Testes (gm) 0.67 ± 0.39 0.13 - 1.67

a/ Data collected betwven September 1971 and December 1976 from 51 dogs,

weighing 9.3 ± 1.8 kg, used as control animals.
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TABLE K

ABSOLUTE AN.) RELATIVE ORGAN WEIGIrS 7, eM• BEUAGLE DOGS-"

Absolute
Organ Weight Mean t S.D.

Liver (gR) 218 ± 51 106 - 322

Spleen (gm) 48 t 21 16 - 103

Kidneys (6m) 43 ± 9 24 - 71

Adrer als (gn) 1.04 ± 0.'. 0.49 - 1.65
Thyroids (gm) 0.88 ± 0.25 0.55 - 1.91
Ovaries (gm) 0.74 ± 0.24 0.38 - 1.27

Relative (per kg body weight)
Mean t S.D. R

Liver (gm) 28.2 ± 5.0 20.7 - 38.8

Spleen (gm) 6.0 ± 2.3 3.1 - 10.9 4
Kidneys (gm) 5.5 ± 0.9 3.7 - 7.9

Adrenals (wg) 135 - 35 67 - 215

Thyroids (rag) 11.2 . 31 75 - 219
O-,a.let, (kwg) 96 - 33 54 - 222

ai- --Taollected between September 1971 and December 1976 from 49 dogs,

,zeighing 7.7 ± 1.5 kg, used as control animals.
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TABLE M

ABSOLUTE AND RELATIVE ORGAN WEIGHTS 0O' MALE ALBINO RATS!!l

__________ Absolute

Organ Weigt Mean ± S. D. Base

Liver (gm) 10.89 t 2. C7 7.18 - 13.09

Spleen (gm) 0.65 t 0.11 0.34 - 0.89

Kidneys (go) 2.64 t 0.37 1.64 - 3.58

Adrenals (mg) 63.6 ± 9.5 21.9 - 73.5 LI
Thyroids (mg) 26.3 t 5.8 14.3 - 37.7

Testes (go) 2.98 ± 0.51 1.76 - 3.! i

Relative (pr '100 sm boy_ weight)

Mean ± S.D.

Liver (Sm) 2.96 ± 0.42 2.0) - 4.01

Spleen (go) 0.19 ± 0.08 0.10 - 0.30

Kidneys (ga) 0.76 ± 0.10 0.22 - 0.88 -

Adrenals (rag) 18.6 ± 5.8 5.8 - 22.4

Thyroids (mg) ± : 2.7 4.2 - 12.7

Testes (gu) 0.87 ± 0.15 0.23 - 1.09

a/ Data collected between September 1971 ,and December 1976 from 139 rats, .4

weighing 352 ,459 gmi, used as control animals.
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TABLE 0

PRESENCE OF OCCULT BLOOD IN THE FECES OF MALE
AND FEMALE MONKEYS AND DOGS L

Species: Monkeys Dozs
No. of Animais: 4411 8 118-! 30

No. of Collections: 4_4 48k/ 118 156b-/

Ocult Blood: Negative 90.9 (40).S/ 95.8 (46) 94.. (111) 91.7 (143)

Positive 9.1 (4) 4.2 '2) 5.9 (7) 8.3 (13)

a/ Baseline data collected from all animals employed between July 1974 and
December 1976. i

b/ Data collected at weekly intervals for 4-7 collections from controls
employed between July 1974 and December 1976.

c/ Percent of total (number of samples).
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